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EXECUTIVE OVERVIEW
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EXECUTIVE OVERVIEW
 
BACKGROUND
 
In 1979 Southern California Edison (SCE) conceived the idea of using 
man-made reefs to address potential deleterious effects of the San Onofre 
Nuclear Generating Station (SONGS) operation on local kelp forests and 
associated biotic communities. 
Aware of the marine habitat enhancement work of the California 
Department of Fish and Game (DFG), SCE offered to finance the construction 
of an "ideal" reef and a study of the development of reef communities to 
determine the feasibility of using man-made reefs as replacement for natural 
reef/kelp communities which could be adversely affected by power plant 
operations. 
DFG personnel felt that SCE's offer had merit from several perspec­
tives. First, the information obtained would be useful in increasing the 
effectiveness of sport fish habitat enhancement operations; second, the 
information would be useful in developing future artificial reefs; and 
third, the reef itself would increase kelp forest habitat and opportunities 
for recreational and commercial fishing. Accordingly, DFG and SCE entered 
into an agreement to construct and study a man-made reef. 
In accordance with discussions between SCE and DFG and the cooperative 
agreement of 1980, two primary objectives were established. First, DFG was 
to design and construct a "state-of-the-art" reef. Its design would include 
certain structural characteristics devised to provide optimum habitat for 
giant kelp and associated fishes, invertebrates, and plants, not just to 
simulate a natural reef such as the one off San Onofre. Second, DFG was to 
study the biotic development on the reef to estimate the benefits of using 
man-made reefs for replacing natural habitat. 
The new reef, named Pendleton Artificial Reef (PAR), was built in 
August-September 1980. It is located in northern San Diego County, 3.3 
nautical miles south of SONGS and approximately 1 nautical mile offshore of 
the Pendleton Marine Corps Base (Figure 1). The reef lies on a sand bottom 
in 43 feet of water and consists of 10,000 tons of quarry rocks, ranging 
from 1 to 6 feet in diameter. The rocks compromise eight modules spaced 
approximately 60 feet apart and arranged in a 3-2-3 pattern (Figure 2). The 
modules, somewhat irregular in shape, average 118 feet long, 66 feet wide, 
and 15 feet high. The modules and the sand interspaces encompass an area of 
approximately 3.5 acres. 
DFG studies of PAR were conducted from fall 1980 through fall 1986. 
For comparison, parallel studies were conducted at appropriate reference 
reefs from 1984 to 1986 (Figures 1 and 3). Also, additional observations 
were made at PAR and other man-made and natural reefs to obtain addfl:"lona1 ,,,.v'­
information for use in advanced reef design. 
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RECOMMENDATIONS 
Because forests of giant kelp provide habitat and/or food for a 
multitude of fishes, invertebrates, birds, and mammals, it is the DFG's 
position that giant kelp is the most important reef-associated species in 
the nearshore waters of southern California. Consequently, the reef plans 
that follow are directed toward establishing kelp forests and associated 
communities. 
If reefs are to be used to support kelp forests, DFG recommends 
consideration of two alternative procedures. The first is to construct a 
quarry rock reef, of identical or "generic" modules, to evaluate and compare 
the biota which develop~ on this reef to the biota present on natural rock 
reefs such as those off San Onofre and San Mateo Point. This would present 
the simplest, but not necessarily the least expensive, method of producing 
substrate for kelp forests. 
The second alternative is to construct a reef of modules comprised of 
different amounts and sizes of rock, "custom" modules, the structure and 
placement of which would be ideally suited to the specific physical and 
oceanic conditions occurring in potential reef sites. This would present a 
more complex, and possibly less expensive, method of providing substrate for 
kelp forests. It would require constructing a number of specially designed 
reefs and conducting a series of studies to evaluate the effects of module 
placement and structure on biotic communities. Information from the studies 
would be used to design custom reef modules which could, depending upon 
local environmental conditions, require less materials for construction, yet 
provide satisfactory habitat. This could lower overall costs by reducing 
the total amount of materials required for reef construction. The custom 
reef would, very likely, take a longer time to finish than would the generic 
reef because of the additional biological studies required to develop custom 
reef designs. 
Plans for Constructing Kelp Reefs (KR) 
Several factors should be considered when building such reefs. 
Site Selection 
To find a suitable reef site, field surveys should be conducted, 
published information reviewed, authorities consulted, and human-use 
characteristics of potential areas analyzed. Based upon this, an evaluation 
matrix should be established and candidate sites scored and ordered by 
priority. 
Geographic Location - The reef should be constructed between Dana Point 
and PAR, in an area which ensures the development of a stable forest of 
giant kelp. The reef should conflict minimally with existing biotic 
communities, currents, and sand movement; lie beyond the influence of power 
plant operation; and complement local human use (Figure 9). 
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Bottom Type - The reef should be constructed on firm sand or on low 
relief natural rock substrate which does not ordinarily support kelp. 
Depth - The reef should be constructed in water 32 to 47 feet deep, 
mean lower low water (MLLW). 
Reef Design 
Materials - To increase stability of module structure, the reef modules 
should be constructed of quarry rock (not river-run material) having a 
minimum specific gravity 2.2 times that of sea water. For a reef comprised 
of generic modules, rocks should be less than 4 feet in diameter; approxi­
mately 60 percent should be less than 3 feet in diameter and 20 percent less 
than 1 foot in diameter. This size distribution should provide a diverse 
and stable habitat for a variety of marine organisms, including giant kelp, 
and should cause sufficient turbulence to minimize sediment deposition on 
the reef. For a reef comprised of custom modules, rock size could be varied 
to accommodate local physical conditions. 
Reef Configuration - The reef should be constructed as a complex of 
rock modules arranged in rows paralleling the depth contours. Modules 
should be spaced 60 feet apart to maximize sand-rock-water interfaces. 
Module Configuration - To provide stable habitat for giant kelp and 
associated communities, the modules should be constructed as "squares", at 
least 232 feet on a side. Each module should have a minimum area of 1.24 
acres. The suggested height for generic reef modules is 3.5 feet. 
For custom reefs the modules should have a minimum area of 1.24 acres, 
but the height could be varied to accommodate local physical conditions and 
kelp habitat requirements. 
Cost and Amount of Materials 
The total cost of a reef depends primarily on the type and amount of 
material and on the reef location. A recent estimate for constructing 
quarry rock reefs in the area from Dana Point to Oceanside is $30/ton, 
installed. 
For example, a 375-acre generic reef complex could be constructed using 
164 - 1.24-acre modules spaced 60 feet apart (Figure 10). This complex 
would consist of 203 acres of rock and 172 acres of sand interspace. With 
quarry rock modules 3.5 fee~ high, such a reef would cost 
$200,300/module-acre, or a total of approximately $40.6 million. 
For a custom reef, structural elements of reef design could be varied 
relative to need; the per-acre cost would vary accordingly. For example, if 
modules 6 feet high are required in some areas, the cost would be approxi­
mately $348,OOO/module-acre, while 1 foot high modules would cost only 
$58,000/module-acre (Table 1). 
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TABLE 1.	 Approximate Amount and Cost of Materials Required to Construct 
Quarry Rock Reef Modules 1.0 to 6.0 Feet High in the Area from 
Dana Point to Oceanside. 
Module 
Relief Tons/module- $/module- Tons/l.24 module- $/1.24 module­
in feet Tons/ft2 acre acre acre acre 
1.0 0.044 1,936 58,080 2,401	 72,019 
1.5 0.067 2,904 87,120 3,601 108,029 
2.0 0.089 3,872 116,160 4,801 144,038 
2.5 0.111 4,840 145,200 6,002 180,048 
3.0 0.133 5,808 174,240 7,202 216,058 
3.5 0.156 6,776 200,280 8,402 248,347 
4.0 0.178 7,744 232,320 9,602 288,077 
4.5 0.200 8,712 261,360 10,803 324,086 
5.0 0.222 9,680 290,400 12,003 360,096 
5.5 0.244 10,648 319,440 13,204 396,106 
6.0 0.267 11,616 348,480 14,404	 432,115 v/ 
Permits and Approvals 
If it is decided that reefs will be built to support kelp forests, the 
builder will be responsible for filing permit appli~tions and obtaining 
approval from the appropriate regulatory agencies. DFG, as lead agency for 
reef construction in California (Sections 6420-6425, Fish and Game Code), 
will provide recommendations regarding reef placement, reef design, permit 
application processes, and evaluation of reef biota. Further, DFG will 
review all proposals to construct reefs for use in creating kelp forests. 
Construction 
Impacts of the KR on ocean currents, sand movement, and deposition and 
erosion of sediments should be addressed through monitoring studies prior 
to, and following, construction. 
Reefs should be constructed in the fall when weather and sea conditions 
are favorable. Operations should be monitored periodically to confirm that 
the reef is being constructed according to specifications. Upon completion, 
the reef complex should be topographically mapped for future reference. 
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Verification of Benefits 
Reef biota should be surveyed at specified interval~/, for a period of 
10 years following reef construction, to verify the success of kelp forest 
development. Kelp forests should be surveyed quarterly at 2-, 3-, 6-, and 
lO-year intervals. Fishes should be surveyed semi-annually at 3-, 6-, and 
lO-year intervals. Macroinvertebrates, macroalgae, and turf biota should 
be surveyed semi-annually at 6- and lO-year intervals. Parallel studies 
should be conducted at comparable intervals at an appropriate reference 
site(s), such as the San Mateo Point kelp forest. The 10-year surveys 
should not be required if earlier surveys show that the biota on the KR is 
similar, quantitatively and qualitatively, to biota on the reference 
reef(s). 
Reports 
A report on methods, results, analysis, and discussion pertinent to 
oceanic and sedimentary processes, reef structure, and biotic communities 
should be provided to DFG by July 1 and January 1 following surveys. 
HIGHLIGHTS OF BIOLOGICAL STUDIES AT PAR AND REFERENCE SITES 
Summary of Densities and Mean Abundance (Standing Crop)
 
Estimates of Reef Biota
 
The following data from PAR, Torrey Pines Artificial Reef (TPAR), and 
Las Pulgas Reef (LPR) summarize standing crop densities and mean abundance 
(standing crop) estimates of selected plants and animals which are 
considered by DFG to be of ecological significance, to be of importance to 
sport and/or commercial fisheries, or to be conspicuous in numbers, size, 
frequency of occurrence, etc. (Tables 2-4). Tables and discussion of turf 
species are deferred to the Report of Biological Studies, Results Section 
(beginning page 14). 
These data will be useful for comparing the standing crop of biotic 
communities on artificial reefs, such as PAR and TPAR, with those occurring 
on natural reefs, such as LPR and the reefs off San Onofre and San Mateo 
Point. Such comparisons should also facilitate designing, locating, and 
constructing artificial reefs to support reef/kelp communities. 
Only those data which reflect PAR's biotic community at, or near, 
successional equilibrium are presented. Data are expressed as the number 
of organisms/per unit area of reef (rock) habitat, as the number of 
organisms/acre of reef and sand habitat combined, and as the estimated mean 
abundance of organisms occurring at each of the three sites. 
l! Survey intervals are based upon ·'milestones" observed in the development 
of biotic communities at PAR and other man-made reefs and at natural 
reefs. 
TABLE 2.	 Mean Dens,ity and Mean Abundance (Standing Crop) Estimates of Selected Macroinvertebrates at Pendleton Artificial 
Reef, Torrey Pines Artificial Reef, and Las Pulga! Reef - Sprina and Fall 1986 Surveys (combined). 
PElDlETOI ARTIfICIAl REEf	 TORREY PIMES ARTIfICIAL REEF LAS PUlGA! REEf 
Nulber per	 NUlber per HUlber per acre Est llated lean NU.b~r per NUlLber per Esttlated .ean NU.b~r per NUlber per fst ilated lean 
.2 ot acre ot ot rock and abundance on • ot acre ot abundance on I ot acre of abundance on 
SPECIES rock habl tat rock habitat sand cOlbined 1/ rock habitat rock habi tat rock habi tat rock habitat rock habitat rock habi tat rock habi tat 
1. CALIF GOLDEN GORGONIAN 38.890 157,389 46,551 163,338 12.740 51,559 17.836 7.100 28,734 106,500 
2. BROYN GORGONI AN 7.320 29,624 8,762 30,7" 0.890 3,602 1,246 2.400 9,713 36,000 
.,,~3. RED GORGONI AN 0.047 190 56 .,, 0.095 384 133 0.000 0 0 
4. SPINY LOBSTER 0.00' 16 5 17 O. 040 162 56 0.008 32 120 
5. OCTOPUS 0.006	 7 25 O. 000 0 0 0.013 53 1952' 
6. GIANT KEYHOLE LU'PE T O. ooa 32 10 34 0.454 1,837 636 0.221 894 3,315 
7. "AVY TURBAN SNA IL 0.000 0 0 0 0.000 0 0 0.046 186 690 
8. KELLET' 5 'IHELK 0.007 28 a 29 0.017 69 24 0.181 733 2,715 0' 
9. SEA HARE	 0.000 0 0 0 0.000 0 0 0.004 16 60 
10. ROCK SCALLOP 0.220 890 263 924 0.016 65 22 O. 050 202 750 
11. REO URCHIN 0.000 0 0 0 0.767 3,104 1. 07' 0.952 3,853 14,280 
12. PURPLE URCHIN 0.000 0 0 0 0.020 81 . 28 0.072 291 1,080 
13. fRAGILE SEA STAR 0.000 0 a 0 0.000 0 0 0.143 579 2,145 
U. SHORT-SPINED SEA STAR 0.009 36 11 38 0.003 12 4 0.000 a 0 
15. GIANT-SPINED SEA STAR 0.013 53 16 55 0.570 2,307 798 0.028 113 420 
16. OCHRE SEA STAR 0.002 8 2 a 0.115 465 161 0.000 0 0 
17. "ARTY SEA CUCU"BER o.ooa 32 10 34 0.363 1,469 50a 0.354 1,433 5,310 
18. STALKED TUN ICATE 0.087 352 104 365 0.000 0 0 0.028 113 420 
TOTAL:	 46.621 188,677 55,805 195,808 16.090 65,116 22,526 11. 600 46,945 174,000 
2Ar~a ot rock habitat: 1. 038 tlcre s 4,200 1 O. 3'6 acr~s  1,400 .2 3.706 acres 15,000 .2 Ar~lI  of rock end sand habitats cO.bined: 21 3.509 acres 14,200 .2 Not ApPllceble Not Applicable 
l~  Assullng zero contribut ion of sand to nUlber of lacroinvertebrates.
 
2 Assu.ing 10,000 .2 of sand interspace between lodules.
 
--
TABId 3. Mean Density and Hean Abundance (Standing Crop) Estimates of Selected Macroalgae at Pendleton Artificial Reef, 
Torrey Pines Artificial Reef, and Las Pulgas Reef - Spring and Fall 1986 Surveys (comhined). 
SPECIES 
I. IfIlCrOCTJt jJ (Giant Ke Ip) 
2. CYJtoJtir, 
3. Pttrygophtr, 
4. SlIrQ'ssu, 
5. LII.inllri, 
6. Egrtgi, 
7. Elstnlll 
TOTAL: 
Area of rock habitat: 
PEIOlETOI ARTIfICIAl REEf TOIREY PIMES ARTIfICIAL REEf LAS PUlW REEf 
"ulb~r ptr NUlbtr ptr NUlber per acre Est luted lean I NUlber per NUlbtr per Estllated lean I NUlbr per NUlbtr ptr Estilated Itan 
.2 of acre ot at rock and abundance on .2 of acre ot abundance on • at acre of abundance on 
rock habi tat rock hab it at sand COlblned 11 rock habitat rock habitat rock hab it at rock habitat rock habitat rock habi tat rock hab I t at 
0.2065 835 247 867 0.0124 49 .17 0.4214 1705 6321
 
0.0294 118 35 123 I 0.0079 32 11 1. 2783 19170 5172
 
0.0083 34 10 34
 
0.0060 24 7 24 0.0014 6 2 0.1191 1786 '82
 
I
 
I
 I
 
'" 0.0046 18 5 18 
-- --
-.. 0.0297 '46 120
 
.. 
O. 0004 1 1 1 0.0138 55 19 I 0.0187 280 76
 
o. 0002 1 - 1 0.0013 12
 
0.2554 1031 305 1072 0.0386 154 53 1.8669 28003 7555
 
1. 038 /Jcre s 4,200 12 0.346 acres 1,400 .2 3.706 acres 15,000 .2
 
Area ot rock end sand habitats cOlblned: 21 3.509 acres 14,200 .2 Not Applicable Not Applicable 
1/ Assuling zero contribution ot sand to nUlber of lacroalgae. 
2/ Assuling 10,000 .2 at sand interspace between lodu Ies. 
TABLE 4.	 Mean Density and Mean Abundance (Standing Crop) Estimates of Selected Fishes at Pendleton Artificial Reef, 
Torrey Pines Artificial Reef, and Las Pulgas Reef - Fall 1984, 1985,and 1986 Surveys (combined). 
PENDLETOI ARTIfICIAl REEF TORREY fIlES ARTIfICIAl REEF LAS r-uLGA5 REEf 
HUlber per NUlber per NUlber per acre Est Ilated lean NUlber per NUlber per Estluted lean I Nulber per NUlber per Estilated lean 
.2 ot acre of ot rock end abundance on 12 ot acre of abundance on .2 of acre ot abundance on 
SPECIES rock habl tat rock habt tat land COlbined1/ rock habi tat rock habi tat rock habi tat rock habl tat rock habitat rock habl t at rock habitat 
1. 8LACKSIUTH 0.9807 3969 117' 4119 1. 2532 5013 1755 0.2407 97' 3611
 
2. SENORITA	 0.0'91 201 60 209 0.0112 '6 11 0.0113 70 260
 
,. 
3. SHEEPHEAO 0.0'73 191 57 199 0.0259 104 36 0.0180 .13 270
 
ROCK ~RASSE 0.0417 169 SO 175 0.0237 95 33 O. 0544 220 816
 
5. BLACK SURF PERCH 0.0356 144 43 150 0.0204 28 0.0158 237
8'	 6' 
6. KELP BASS 0.0156 63 19 66 0.0251 101 35 0.0087 35 131
 
1. GARIBALDI 0.0151 61 IS 63 0.0396 '159 55 0.0'92 199 738
 
8. HALFr100N	 0.0074 JO 9 31 0.0202 81 28 0.0069 28 104
 
9. OPAlEYE 0.0058 23 7	 0.0017 6 2 0.0045 18 68
2' 
10. BARRED SAND BASS 0.0051 21 6 21 0.0027 12 4 0.0069 28 104
 (X)
-
-..... 
---- ------	 ---­-~--
I
 
TOT Al TOP TEN SPEC IES: 1.2040 4872 1"3 5057 1. 4237 5761 1993 0.4224 1709 6339
 
TOTAL REr1AINING	 14 SPECIES: 0.0553 224 66 232 0.0222 90 31 0.0084 34 126
I
 
__e. ._--	
----
-_ ..._--
---- ---
TOTAL ALL 24 SPEC IES: 1.2593 5096 1509 5289 1.4459 5853 2024 0.4308 17'3 6465
I
 
TOTAL "IHUS BLACKS"ITH: 1127 335 1170	 781 269 I 769 2854
 
2 2	 2
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2
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l~ Assulino zero contribution ot sand to nUlber ot fishes.
 
2 Assuling 10,000 .2 ot sand interspace between .odules.
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Summary of Findings of Biological Studies and Observations 
Studies at PAR and reference sites and observations at other reefs 
revealed that: 
1) Biotic communities on PAR, in general, show trends of abundance, 
indicating successional change. Successional trends are most 
evident in communities of epibenthic invertebrates. 
2) Plant community development on man-made and natural reefs shows 
little evidence of successional change. The development of plant 
communities, instead, is related primarily to geographic location, 
depth, season, and oceanic conditions. 
3) Fish, turf, and macroinvertebrate communities associated with reefs 
approach "successional equilibrium" within different time periods. 
4) Geographic location and depth are primary factors affecting the 
development of biotic communities on man-made reefs. Careful 
location and placement of reefs should assure development of 
desired reef communities, particularly giant kelp. 
5) Quarry rock reefs eventually support biotic communities similar to, 
if not indistinguishable from, those occurring on natural reefs of 
similar configuration in similar locations and depths. 
6) Herbivorous macroinvertebrates (e.g. sea urchins, turban snails, 
sea hares, etc.), which rely upon marine algae for food, are only 
minor components of PAR's biota because of the lack of vegetation 
on the reef. 
7)	 Long-term adverse oceanic conditions, such as the El Nino event, 
affected biotic communities at PAR and reference sites. 
8)	 Kelp transplanting efforts at PAR were unsuccessful due to several 
factors, including the persistence of El Nino conditions throughout 
transplanting operations, the excessive distance of the reef from 
natural kelp forests, and intensive grazing pressure on transplants 
and their offspring caused by herbivorous fishes attracted to the 
reef. Results would probably have been more successful if work had 
been conducted when oceanic conditions were more favorable for 
growth and reproduction of giant kelp or if the reef had been built 
closer to an existing kelp forest to facilitate natural germination 
of kelp plants. 
9)	 Abalone transplanting was unsuccessful due to high predation on the 
juvenile abalone by fishes and invertebrates and a lack of 
appropriate algal cover. 
REPORT OF BIOLOGICAL STUDIES
 
AT
 
PAR AND REFERENCE SITES
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REPORT OF BIOLOGICAL STUDIES AT PAR AND REFERENCE SITES
 
BACKGROUND
 
In 1980, the California Department of Fish and Game (DFG) and Southern 
California Edison (SCE) entered in.t9:,~~, agreement to determine if artificial 
reefs could be used to address thf'loss of kelp forest communities due to 
power plant operation. To do this, a "state-of-the-art" reef, Pendleton 
Artificial Reef (PAR), was constructed in August-September 1980 and studied 
from 1980 to 1986. SCE financed reef construction ($250,000) and studies 
($400,000). DFG designed PAR, obtained the required permits from regulatory 
agencies, supervised reef construction, and conducted studies of reef biota. 
PAR is located in northern San Diego County, 3.3 nautical miles south 
of the San Onofre Nuclear Generating Station (SONGS). The reef lies 
approximately one nautical mile offshore of the Pendleton Marine Corps Base, 
on sand bottom, in 43 feet of water .(Figure 1). PAR is composed of 10,000 
tons of quarry rock, ranging in size from 1 to 6 feet in diameter. The reef 
consists of eight modules arranged in a 3-2-3 pattern (Figure 2). Modules, 
somewhat irregular in shape, average 118 feet long, 66 feet wide, and 15 
feet high, and are spaced approximately 60 feet apart. The modules and the 
sandy interspaces, combined, encompass an area of approximately 3.5 acres; 
rock substrate accounts for approximately 30 percent of the total reef area. 
Qualitative biological studies began at PAR shortly after its 
construction, to determine if successional development of reef communities 
on PAR would follow a pattern similar to that observed on other man-made 
reefs. These studies continued through spring 1984. Quantitative studies 
of the "turf" community (comprised principally of small "turf"-forming 
plants and animals) began in fall 1981 and continued through fall 1986; 
quantitative studies of macroinvertebrates (large invertebrates, such as 
starfish, snails, etc.), macroalgae (large brown algae such as giant kelp, 
etc.), and fishes began in fall 1984 and continued through fall 1986. For 
comparison, parallel studies were conducted at "reference reefs" - - Torrey 
Pines Artificial Reef (TPAR), constructed in 1974, and Las Pulgas Reef 
(LPR), a natural reef. An additional reef in San Diego County, Silver 
Strand Artificial Reef (SSAR), constructed in 1964, was surveyed once in 
fall 1986 (Figure 3). 
Based on information from studies at PAR and at other natural and 
man-made reefs, seven "developmental" reefs were constructed between 1984 
and 1987 in nearshore waters between Ventura and San Diego. Developmental 
reefs were built not only to improve fishing, but also to help evaluate how 
reef biota is affected by the physical elements of reef placement and 
structure, including: geographic location, depth, materials, configuration, 
and spacing. Since 1987, four developmental reefs have been examined to 
obtain information for designing a new generation of reefs that will improve 
habitat for sport fishes or that could be used to address impacts of human 
activities on reef/kelp communities. 
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LOCATIONS OF SONGS, 
PAR, AND REFERENCE 
SITES 
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FIGURE 1.	 Locations of San Onofre Nuclear Generating Station 
(SONGS), Pendleton Artificial Reef (PAR), and reference 
sites - Las Pulgas Reef (LPR), Torrey Pines Artificial 
Reef (TPAR), and Silver Strand Artificial Reef (SSAR). 
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FIGURE 2. Configuration of Pendleton Artificial Reef. 
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FIGURE 3. Configuration of reference sites - Torrey Pines 
Artificial Reef (TPAR), Las Pulgas Reef (LPR) and 
Silver Strand Artificial Reef (SSAR). 
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RESULTS
 
Early Successional Development at PAR (1980-1984) 
Studies, from fall 1980 to spring 1984, revealed that PAR's biotic 
communities at early stages of successional development were similar, in 
many respects, to those observed on other newly constructed reefs (Turner, 
Ebert, and Given, 1969). 
The most prominent member of the turf community, throughout the first 3 
years, was the mud ectoproct (a velvet-like encrusting organism which 
incorporates mud into its colonial matrix). Also abundant were hydroids Z/ 
algal turf, and barnacles (Figure 4A and Appendix 1A). Young gorgonians­
were first observed on PAR in spring 1982. 
The macroinvertebrate community was limited primarily to sea stars, 
stalked tunicates, rock scallops, crabs, and lobsters. Young gorgonians 
contributed little to reef cover, through this period, due to their small 
size. 
The macroalgae community was poorly developed. Most of the plants 
observed had apparently drifted to PAR from natural reefs located to the 
north. In an effort to establish giant kelp, mature plants were 
transplanted to PAR on several occasions from 1980 to 1983. However, 
transplants and their offspring grew poorly, due to damage by herbivorous 
fishes and by El Nino conditions. Giant kelp plants which had germinated 
onto the reef, as a result of transplanting operations and natural 
recruitment, never survived to form a surface canopy or to reproduce. 
The fish community began to develop within hours of reef construction. 
Observed at this time were kelp bass, barred sand bass, surfperches, 
sculpin, and sheephead. By february 1984, a cumulative total of 41 fish 
species had been observed. 
Later Successional Development at PAR (1984-1986) 
The biota at PAR became more complex over time; new species appeared, 
some increased in abundance, some declined. Others fluctuated in response 
to seasonal change. Six years after reef construction, the biotic 
communities at PAR were in an advanced stage of successional development. 
In general, they were similar, but not yet identical, to communities on 
natural reefs and on successionally mature man-made reefs of comparable 
location, configuration, and depth. 
£/ In DFG studies, gorgonians were considered to be members of both the turf 
and the macroinvertebrate communities and, thus, will be described, when 
appropriate, in turf and/or macr01nvertebrate sections. 
- 15 -

The turf community at PAR had changed considerably from that observed 
during the first 4 years. The cover of mud ectoprocts decreased to insigni­
ficant levels, while cover of erect ectoprocts, gorgonians, scaled-worm 
mollusks and ornate jewel boxes (an attached bivalve mollusk) increased. 
Algal turf and hydroids continued to be prominent members of the turf 
community. Foliose red algae and articulated coralline algae, common at 
reference reefs and at natural reefs without kelp cover, were rarely 
encountered at PAR. 
The macroinvertebrate community had also changed. Gorgonians increased 
in size, density, and cover, and by 1984 they were the most conspicuous 
epibenthic organisms, covering most of the reef substrate within 10 feet of 
the bottom. Rock scallops also increased in abundance and size, 
particularly on modules of small boulders. Several additional 
macroinvertebrates were observed during 1986, including keyhole limpets and 
sea cucumbers. The abundance of sea stars, stalked tunicates, and lobsters 
changed little from earlier years. Conspicuous in their absence were sea 
urchins, turban snails, and other large herbivorous macroinvertebrates 
(Figure 5 and Appendix 2A). 
The macroalgae community included seven species; the most common were 
pea kelp (Cystoseira), giant kelp (Macrocystis), and Sargassum (Figure 6 and 
Appendix 3). Except for giant kelp and Sargassum, macroalgae rarely grew 
directly on the reef substrate. Instead, most individuals were drift plants 
which had lodged in scoured areas adjacent to the reef. Nearly all of the 
giant kelp plants on the reef were growing within 5 feet of the bottom, 
while most of the Sargassum plants were observed on the reef top. However, 
even as late as 1986, giant kelp plants rarely survived beyond the subadult 
stage (plants with fronds less than 1 meter in length), and none grew tall 
enough to form a surface canopy. 
Twenty-four fish species were observed at PAR from 1984 to 1986. The 
10 most abundant and consistently observed fishes during this period were 
(in order of decreasing 3-year weighted mean density) blacksmith, senorita, 
sheephead, rock wrasse, black surfperch, kelp bass, garibaldi, halfmoon, 
opaleye, and barred sand bass (Figure 7 and Appendix 4). Annual mean 
densities (AMD) of these 10 species fluctuated widely from 1984 to 1986. 
AMD of eight species decreased, while those of only two species, sheephead 
and rock wrasse, increased through the period (Appendix 4). 
Comparison of Biotic Communities at PAR and Reference Sites - ­

TPAR and LPR (1984-1986), and SSAR (1986)
 
Biota at PAR and at the reference sites were generally similar, i.e. 
many of the species prominent at the reference sites were also prominent at 
PAR. 
Prominent in turf communities at PAR, TPAR, and LPR were algal turf, 
erect ectoprocts, and gorgonians (Figures 4A-n and Appendices lA-C). Erect 
ectoprocts were only a minor component of the turf community at SSAR (Figure 
4D and Appendix 1D). TPAR and LPR had far greater percent covers of foliose 
red and articulated coralline algae than did PAR or SSAR. 
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FIGURE 4A.	 Mean percent covers of selected turf community 
species at Pendleton Artificial Reef (fall 1981 
to fall 1986). Seasonal values represent weighted 
means of all modules and relief profiles combined. 
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TPAR Turf Comrnunity: Fall 1984 - Fall 1986
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FIGURE 4B.	 Mean percent covers of selected turf community 
species at Torrey Pines Artificial Reef <fall 
1984 to fall 1986). Seasonal values represent 
weighted means of all relief profiles combined. 
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LPR Turf Community: Fall 1981 - Fall 1986 
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FIGURE 4C.	 Mean percent covers of selected turf community 
species at Las Pulgas Reef (fall 1984 to fall 
1986). Seasonal values represent weighted 
means of all sectors and relief profiles combined. 
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SSAR Turf Community: Fall '1986 
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FIGURE 40.	 Mean percent covers of turf community species 
at Silver Strand Artificial Reef (fall 1986). 
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all relief profiles combined. 
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As at PAR, the most prominent organisms in the macroinvertebrate 
communities at the reference sites were gorgonians (Figure 5, Appendices 
2A-D). However, mean densities of gorgonians were lower, and mean heights 
were greater at TPAR. LPR, and SSAR than they were at PAR. 
Macroinvertebrate communities were more varied and abundant at TPAR and LPR 
than at PAR or SSAR. For example, red and purple sea urchins, sea stars, 
and mollusks, common at TPAR and LPR throughout the surveys, were virtually 
nonexistent (in the case of sea urchins) or were scarce at PAR, even as late 
as 1986. 
Seven species of macroalgae were observed at PAR and TPAR, six at LPR, 
,.
and none at SSAR. Of the three reefs, LPR generally supported the highest\,i " 
mean densities of the species that were present, while TPAR supported the 
" , lowest mean densities (Figure 6). Giant kelp, the most important habitat­

\.; forming macroalgae, grew poorly at all four sites from 1984 to 1986, when
 
compared to kelp at San Onofre and San Mateo Point.
 
.47 c--' J/' ., ~' 
A total of 23 fish species occurred within transect surveys at TPAR // 
and LPR. The 10 most prominent fishes at PAR were also the top 10 at TPAR / 
_) and ~-,!,h~ ~op 10 fishes at TPAR were (in decreasing order of 3-year 
, -~)!Tel:gnted mean ~s..i:-tY) blacksmith. gatibaldi. sheephead. kelp bass. rock 
/~ 'wrass-e;"bla~surfperch, halfmoon, senorita, barred sand bass, and opaleye 
// (Figure 7). At LPR, the 5PP./10 fishes were (in decreasing order of 3-year
;I weighted mean density) blac~{th. rock wrasse, garibaldi, sheephead, 
1 orita, black surfperch, Kelp bass, halfmoon, barred sand bass, and 
, opa ye (Figure 7). <[fAt TPAR and LFR, the 10 most prominent species 
/ ,/ fluc ated widely in Annual Mean Density (AMD) from 1984 to 1986 (AppendixI t) C/. 3). t TPAR!_.~heephead, rock wrasse, halfmoon, senorita, and black 
If )- ) urfpkrchincreased in AMD, while the remaining five species declined. At ~~nlY sheephead and black surfPerc~increased in AMD, while the 
, "I //-- remainin ght species ~Il~? (Appe ix -4.).if Three-year mean abundance r/' .f 
'r r,
,/ st es (MAE) were calculated by mult plying the 3-year weighted mean ~ ;r;'
ensities of the top 10 fishes, at each ~ite, by their respective reef areas 
to compare standing ~rop abundance among,'the three sites (Figure 8). M 
,-' I. 
densities were then 'compared with mean:' abundance ._~stimates and it found 4"' 
that while PAR had the highest mean density (MQ) of~our spec ,it had the 
), t highest MAE of o~ species. TPAR and;LPR each had the highest MD of 
r'~ three s~~~wever, TPAR ,had no fishes lwith the highest MAE, and LPR had 
;~-8pecies in which the MAEs were highest. 
I~ The biotic community at SSAR was unlike those at the other sites. The
 
turf community was simple, consisting primarily of algal turf, gorgonians,
 
hydroids, foliose red algae, mud ectoprocts. and strawberry anemones (Figure
 
4D and Appendix ID). The macroinvertebrate community was typified by
 
gorgonians and sea stars and, like PAR, virtually no herbivorous macroin­

vertebrates were observed (Figure 5 and Appendix 2D). No macroalgae were
 
observed. The fish community was not studied because poor water conditions
 
limited visibility.
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FISH DENSITIES AND ABUNDANCE 
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FIGURE 7.	 Three-year weighted mean densities of selected 
fishes at Pendleton Artificial Reef and reference 
.ites (fall 1984 to fall 1986). 
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Recent Observations at PAR (1989) 
Observational dives were made at PAR on July 5, 1989, nearly 9 years 
after reef construction. 
The turf community was similar, in most respects, to that recorded 
in fall 1986, when the quantitative studies were completed. Erect 
ectoprocts, algal turf, ornate jewel boxes, and hydroids were still major 
components of the turf community. However, the percent cover of foliose 
red algae and colonies of scaled-worm mollusks had increased. 
The macroinvertebrate community had changed. Three species of 
snails (Kellett's whelk, festive whelk, and Poulson's dwarf triton), 
keyhole limpets, and sea cucumbers were more abundant than in 1986. The 
wavy turban snail was seen for the first time. As in earlier years, sea 
urchins and abalone were rarely observed. 
The macroalgae community had also changed. The size and number of 
giant kelp plants had increased over earlier surveys. Cystoseira, 
Laminaria, and Pterygophora, which were primarily drift plants 
(unattached to the reef) in earlier years, had reproduced and their 
offspring had become established directly on the reef substrate by 1989. 
Although poor water conditions limited diver observations, species 
composition and relative abundance estimates suggested that fish 
communities at PAR showed little change since 1986. 
Observations at Other Reefs (1987-1989) 
Studies of natural and man-made reefs and other structures; 
experience with kelp restoration work in Los Angeles, Orange, and 
Santa Barbara counties; review of the literature; and consultation with 
outside biologists, engineers, and oceanographers provided DFG with 
information for use in constructing six new developmental quarry rock 
reefs since 1984. These reefs have provided increased habitat for 
fishes, invertebrates, and plants. They have also permitted DFG and 
other researchers to accumulate information for constructing new reefs 
which will be even more effective for enhancing nearshore habitat than 
were earlier reefs. 
Nearly-all of the developmental reefs support giant kelp. Growth of 
giant kelp plants was particularly encouraging on Pitas Point Artificial 
Reef (constructed in 1984), Santa Monica Bay Artificial Reef (constructed 
in 1987), and Topanga Artificial Reef (constructed in 1987). At least 
two generations of giant kelp plants were observed on these reefs and 
many plants had survived long enough to form surface canopies ranging 
from small, on the shallower modules of the Santa Monica Bay Artificial 
Reef, to large on the Topanga Artificial Reef (Wilson et a1. and Lewis et 
a1. - manuscripts in preparation). Dense stands of giant kelp were 
observed on Topanga Artificial Reef even as late as January 1990. 
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RECOMMENDATIONS AND DISCUSSION
 
Introduction 
Rock (reef) substrate is critical habitat for a wide variety of 
living marine resources, including many important to recreational and 
commercial fisheries. Reefs provide solid surfaces for the attachment and 
growth of plants and invertebrates, and they provide areas for sheltering, 
foraging, and nesting of fishes. 
Reefs and associated biota are scarce in southern Orange County and 
northern San Diego County, when compared to other areas off southern 
California. One of the largest reefs in this region is located off 
San Onofre. This reef provides habitat for many marine organisms, the most 
important of which (from an ecological viewpoint) is the giant kelp. These 
large, rapidly growing macroalgae form extensive forests which play an 
important role in the rocky nearshore ecosystem by providing food and/or 
habitat for nearly 800 species of fishes, invertebrates, and plants (McPeak, 
Glantz, and Shaw, 1988). Kelp is particularly important to fishes. Quast 
(1968) reports that reefs of low to moderate rocky relief, with kelp, will 
support two to three times the standing crop of fishes than will similar 
reefs without kelp. Thus, giant kelp is particularly critical in the 
San Onofre area where it forms stable, productive kelp forests and 
associated communities on what, otherwise, would be low relief, relatively 
low production cobble/bedrock substrate. 
If SONGS adversely impacts kelp forests and/or the reef upon which 
they grow, biological changes will occur and physical changes could occur. 
First, the standing stock of fishes, invertebrates, and plants which rely 
upon the kelp will either die or disperse. This means a net decrease in the 
standing stocks of kelp and associated species in the area. Second, since 
kelp forests modify water movement and reduce wave action, their loss could 
affect local longshore water movement, sediment transport and deposition, 
wave patterns, and beach structure. The magnitude of biological and 
physical effects on the nearshore environment will vary with oceanic and 
weather conditions and with the severity and permanence of kelp loss. 
Constructing a Kelp Reef (KR) 
A possible solution for addressing impacts on kelp forests might 
include constructing a KR. Experience gained by observing PAR, reference 
reefs, and other natural and man-made reefs has contributed to the 
development of plans for a reef which will support a stable kelp/reef 
community in the San Onofre area. 
Site Selection 
The site selection process for constructing an artificial reef to 
provide habitat for giant kelp and associated species should, of course, be 
directed toward locating an area in which physical and biological conditions 
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will encourage development of a stable and productive reef community. How­
ever, other factors must also be considered in the site selection process, 
including the potential interactions between the reef and: 
1) natural habitats and associated biotic communities; 
2) physical oceanographic and geologic phenomena, e.g. nearshore 
current, coastal upwelling, sand transport, substrate, sediments 
from coastal erosion, etc.; 
3) vessel traffic and anchorages 
military vessels; 
for recreational, commercial, and 
4) sport fishing, scuba diving, and other recreational uses; 
5) commercial fishing and mariculture; 
6) extraction of mineral resources such as oil, sand, or gravel; 
7) discharge of domestic and industrial wastes, 
or dredge spoils; 
power plant effluents, 
8) areas of historical or cultural significance, e.g. 
archaeological sites, etc. 
shipwrecks, 
DFG recommends that reef placement and design specifications be 
reviewed by specialists in ocean engineering, oceanography, and marine 
geology prior to filing applications for reef building permits so that 
regulatory agencies may be assured that a KR will be stable and compatible 
with physical and oceanographic conditions at the reef site. 
Geographic Location - DFG observations and those of Kelco Company, a 
San Diego-based kelp harvesting concern (Craig Barilotti, pers. comm.) 
suggest that biota on reefs, particularly giant kelp, depends, to a large 
extent, on reef location. This is substantiated in studies by Patton, 
Grove, and Harman (1985). Should a KR be built to address impacts of SONGS 
on local kelp/reef communities, DFG recommends constructing the reef as near 
the impacted site as possible to increase the probability that biotic 
communities will be similar on both natural and man-made reefs. Ideally, 
such a reef should be located between Dana Point and PAR (Figure 9). It 
must, however, be located beyond the influence of SONGS (particularly the 
effects of the thermal and turbid plumes) in an area favorable to giant kelp 
and associated organisms. Observations by DFG also suggest that quarry rock 
structures, such as artificial reefs, near kelp forests are more likely to 
develop a persistent stand of kelp than such reefs located far from the 
forests. Thus, DFG recommends that the up-current end of a KR lie within 
600 feet of an existing kelp bed and on substrate not commonly supporting 
such biota. 
Bottom Type - Field surveys should be conducted, as a part of the site 
selection pro.cess, to document bottom topography and substrate characteris­
tics in potential reef sites. This information will provide baseline data 
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for quantifying the effects of the KR on local substrate. Such information 
also will allow reef builders to avoid areas where subsidence or excessive 
damage to natural reef habitat could occur; also, the thickness of the sand 
overburden in potential reef sites must be determined. Suitable substrates 
forKRs include hard-packed fine to coarse grain sand, of any depth; exposed 
cobble or bedrock, less than 1 foot mean relief; cobble or bedrock, which is 
intermittently covered with a thin layer (1.5 feet) of sand; or a 
combination of these. If the sand overburden is thicker than 1.5 feet, 
sediments must have load-bearing qualities capable of supporting quarry 
rock. It is also recommended that the bottom sediments have low mud and/or 
silt content to minimize the potential for resuspension and deposition of 
sediments on the reef. Sites, with cobble or bedrock substrate, should 
have biotic communities characteristic of disturbed natural reefs (or newly 
constructed quarry rock reefs). This will minimize the impact of the KR 
structure on fully developed natural reef communities at successional 
equilibrium. 
Depth - The biota which occurs on reefs depends, to a large extent, 
upon water depth. A KR should be constructed within the same depth range as 
the impacted reef. If, however, human use interactions, substrate 
characteristics, etc. preclude construction of the KR within the same depth 
range as the impacted reef, the depth of the site may differ as long as the 
habitat requirements for development of a stable kelp forest community are 
met. Kelp near San Onofre grows in depths ranging from approximately 25 to 
55 feet (MLLW). The optimum depth for constructing a reef to grow kelp in 
this area is estimated to range from 32 to 47 feet (MLLW). 
Reef Designs 
Introduction - The following are concepts useful for designing a reef 
to support giant kelp and associated communities. They offer two possible 
alternatives for creating of kelp forests in the San Onofre area. 
The reef off San Onofre is one of low profile, rising from 
approximately 1.0 to 7.5 feet above the sand, along the 33- to 39-foot depth 
contours, and from approximately 5 to 10 feet above the sand, along the 39­
to 46-foot depth contours (SeE Report 84-RD-63). The reef is comprised of 
32 percent sand, 8 percent gravel (0.5 to 4 inches in diameter), 57 percent 
cobble (4 to 12 inches in diameter), and 2 percent boulder (12 to 18 inches 
in diameter). The average rock size (rugosity) is approximately 5 inches 
(pers. comm. Jake Patton to Ken Wilson). 
Experience gained by observing PAR and other reefs has led to the 
development of two choices for constructing a KR in the San Onofre area. 
The first is a reef made of "generic" modules. Such a reef would provide 
the simplest, but not necessarily the least expensive, approach. The second 
choice is to construct a reef of modules comprised of different amounts of 
rock, "custom modules", the structure and placement of which would be suited 
to the specific physical and oceanic conditions occurring in the potential 
reef site. This is more complex and time consuming, but possibly less 
expensive. 
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Modules comprising a generic reef ,should be approximately as high in 
relief as the natural reef off San Onofre. The area of individual modules 
should be of sufficient size to encourage development of a stable stand of 
kelp. The rocks comprising the modules should be at least as large in size 
as those found at the natural reef. Thus t it is recommended that the 
generic reef be comprised of modules 3.5 feet high t at least 1.24 acres in 
area, and of rocks at least 1.5 feet in diameter. It is the view of DFG, 
that a generic reef affords a high probability of establishing a stable kelp 
forest community because the height and area of individual modules would 
encourage the growth of kelp and associated species and discourage long-term 
sedimentation. If a generic reef is constructed t biological studies would 
evaluate the reef's performance and any deficiencies found would be 
corrected by adding additional modules or augmenting existing ones. If 
necessary, biotic enhancement work (e.g. kelp transplanting) could be 
undertaken to accelerate establishment of kelp forests. 
A custom reef would be similar in structure and placement to the 
generic reef, but the amount and deployment of materials used for module 
construction would vary to suit local environmental conditions and biotic 
needs. 
To build a custom reef, a three-phase approach would be advantageous. 
The first phase (years 1 to 3) would be largely investigative. In the first 
phase, a series of developmental reef modules would be constructed to 
facilitate studies of reef placement and structure on biota and on water and 
sand movement. Modules could vary in location t depth, rock size, rock 
cover, spacing, height, and total area. The physical and biological 
characteristics of these modules would be evaluated and information used to 
design new ones for the second phase of operations. It is recommended that 
developmental reef modules account for approximately 20 percent of the total 
area desired. 
In the second phase (years 4 to 6), custom modules would be constructed 
in each potential area. It is recommended that these modules account for 
approximately 60 percent of the total area desired. Biota occurring on 
modules constructed during the first and second phases would be studied and 
the data would be evaluated. This information would be used to develop 
phase three modules. 
In the third phase (years 7 to 10), the remaining reef modules would be 
put in place. The structure and placement of these modules would be based 
upon information obtained from modules studied during the first 6 years. 
These modules would account for the remaining 20 percent of the area 
desired. 
If necessary, additional modules could be constructed, existing modules 
augmented, and/or biotic enhancement work undertaken to complete the 
project. 
The custom reef approach could enable reef builders to document 
precisely the effects of reef structure and placement on the physical and 
biological environment. This would assure that a reef is optimally suited 
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to the local environment and that it satisfies the need for creating kelp 
reefs. Use of the custom reef concept could benefit SCE by reducing the 
total cost of materials if it were determined that less rock could be used 
for reef construction without sacrificing biotic potential or reef 
stability. 
Materials - Rock to be used for reefs should be of quarried material, 
not river-run material, because the angularity of quarried rock increases 
the stability of the reef structure. To add to reef stability, so it can 
withstand the most severe oceanic conditions, rocks should have a nominal 
specific gravity at least 2.2 times that of sea water. DFG recommends that 
rocks used to construct the kelp reef range from approximately 1.5 to 3.5 
feet in diameter. Although somewhat larger than rocks found on the natural 
reef off San Onofre, this size range of material will provide a complex 
array of crevices for a wide variety of fishes and invertebrates. Such 
rocks also will have sufficient mass to anchor kelp plants during the worst 
oceanic conditions in which the kelp plants would be expected to survive. 
Rocks of this size should encourage scouring of sand which could, if the 
sediment overburden were shallow (less than 1.5 feet deep), expose 
underlying natural reefs and thus increase the effective area and rock cover 
of the KR. 
Reef Configuration - The reef should be built as a complex of separate 
rock modules (Figure 10). The complex should be approximately rectangular 
in shape, with the longitudinal axis lying parallel to local depth contours. 
The upcoast and downcoast ends of the reef should be truncated to minimize 
the effects of the reef and kelp on longshore currents or sand transport. 
Rows of modules should be staggered along the longitudinal axis of the reef 
by approximately one-half module width to create a structure which will act 
as a barrier to infiltration of sand. 
Individual modules should be spaced approximately 60 feet apart to 
provide internal ecotonal areas critical for invertebrates and juvenile 
fishes. This spacing will facilitate free movement of fishes and 
invertebrates throughout the reef complex. Also, such spacing should "_, 
encourage germination of giant kelp and other plants onto rock sUbstrate~~ 
throughout the reef. -
Module Configuration - Modules comprising the reef complex should be 
square in shape and measure at least 232 feet on a side to provide a 
contiguous area of at least 1.24 acres. Reef modules this size should 
encourage development of a stable kelp community because they will have a 
reef area-to-perimeter ratio which will make the main biomass of kelp on the 
reef modules resistant to development of the encrusting organisms associated 
with kelp plants that occur along perimeter areas of kelp beds (Bernstein 
and Jung, 1979). This should, in turn, reduce damage to the kelp stand 
caused by grazing of fishes on encrusted plants, which was so prevalent at 
PAR. Further, a reef of this area should support a stand of kelp having an 
area and biomass sufficient to resist damage by grazing sea urchins 
(Leighton, Jones, and North, 1965). Rocks comprising the modules should be 
placed no more than 15 feet apart to facilitate successful germination of 
kelp plants (North, 1968); however, spacing between rocks should be 
substantially less (preferably contiguous) to minimize grazing damage to 
kelp related to perimeter effects. 
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Generic modules should have an average height (relief) of 3.5 ~ 1.5 
feet to entrap holdfasts of drifting giant kelp plants and thus facilitate 
natural germination of giant kelp onto the reef. Modules of this height 
will also provide a margin of vertical relief which will compensate for 
subsidence and/or scouring of reef materials into bottom sediments and for 
sediment deposition which will occur during periods of heavy rainfall, etc. 
Custom reef modules could vary in height, depending upon local conditions, 
e.g. less vertical relief would be required where the sediment overburden is 
shallow (less than 1 foot thick); more may be required where overburden is 
deeper. 
Cost and Amount of Materials 
The cost of a KR will depend upon the amount of materials required and 
the location of the construction site. 
Experience at a similar reef specifically designed to provide habitat 
for kelp (Topanga Artificial Reef in Santa Monica Bay) revealed that a 
quarry rock reef averaging 2.5 feet high requires about 4,840 tons of rock 
per acre (Table 1). 
Constructing a generic quarry rock reef in an ax~a between Dana Point 
and PAR should cost approximately $30/ton installed ~1990 dollars). Modules 
3.5 feet high will require approximately 8,373 tons of rock each, or 
approximately 6,774 tons per acre. 
For example, if 200 acres of kelp were to be created and the ratio of 
kelp area to reef area was 1:1, a reef complex could be constructed using 
164 (1.24-acre) quarry rock modules spaced 60 feet apart for a total reef 
and sand area of 375 acres. A generic reef, comprised of 3.5 foot high 
modules, would cost approximately $40 million. The total cost of a custom 
reef complex would vary according to the vertical relief of the component 
modules. The cost per acre of quarry rock on such a reef could range from 
$58,000/per module acre, for modules 1.0 foot high, to $348,480/module acre, 
for modules 6 feet high. 
Permits and Approvals 
Obtaining permits and approvals from appropriate agencies will be the 
responsibility of the builder. Reef building permits must be obtained from 
the u.S. Army Corps of Engineers, the California Coastal Commission, and the 
State Lands Commission. Approvals must be obtained from the u.S. Coast 
Guard, and the appropriate California Regional Water Quality Control Board. 
The reef must also conform to requirements of the California Environmental 
Quality Act (CEQA). 
DFG, as lead agency for reef construction in California (Sections 
6420-6425, Fish and Game Code), will provide recommendations regarding reef 
placement, reef design, permit application processes, and evaluation of reef 
biota to involved parties. Further, DFG is responsible for reviewing all 
proposals to construct reefs in California. 
.-; I' 
~. .' 
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Construction 
Timing - The optimum time to construct quarry rock reefs in southern 
California generally extends from August to November, when oceanic and 
weather conditions are relatively mild. Thus, builders can better control 
deployment of reef materials to meet design specifications. 
Questions have arisen with regard to the development of biotic communi­
ties on man-made reefs and the season in which the reefs are constructed. 
Some researchers found that fish communities associated with artificial 
reefs could be predicted from indicator biota at natural reefs in nearby 
locations (Hueckel and Buckley, 1989). DFG observations and studies of 
man-made and natural reefs in central and southern California indicated that 
quarry rock reefs eventually support biotic communities similar to, if not 
indistinguishable from, those occurring on natural reefs similar in 
location, depth, and configuration, regardless of the time of construction. 
For example, giant kelp stands have developed at two artificial reefs (Pitas 
Point and Torrey Pines) constructed during the spring. However, only the 
Pitas Point Reef currently supports a stand of kelp, as do nearby natural 
reefs, while Torrey Pines, remote from natural reefs, has not supported a 
canopy-forming stand of giant kelp since 1977. Of four reefs constructed in 
the fall (Oceanside, Pacific Beach, Santa Monica Bay, and Topanga reefs), 
modules within appropriate depth ranges, at all but Oceanside Artificial 
Reef, have supported giant kelp, and all but the Oceanside reef are near 
kelp beds. Thus, long-term development of reef biota, particularly giant 
kelp, appears to depend more upon reef location and depth rather than time 
of construction. 
Confirmation of KR Structure and Effects on Substrate - DFG recommends 
that physical surveys be conducted during and following reef construction 
to: 
; 
/ 1 ) confirm that the reef is being constructed to specifications, j 
2) provide information on reef topography, and 
3) document effects of the reef on sand erosion and deposition 
processes in the vicinity of the reef. 
Immediately upon completing each segment of reef construction, remote 
sensing surveys should be conducted to topographically map the reef. If 
deficiencies in reef structure are found, diver surveys should be conducted 
to verify electronic observations. Major deficiencies in reef structure 
should be corrected and a final topographic map generated for future 
reference. 
Following construction of the reef, surveys should be conducted to 
document changes in distribution of sand and exposure of natural reef 
substrate related to the reef structure. Data from these surveys will be 
compared with data from pre-construction surveys to determine the effect of 
the reef placement on surrounding substrata. 
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To do this, DFG recommends that sonar, sub-bottom profiling, and radio 
location equipment be used to map the KR and surrounding areas. Verification 
of electronic survey results and collection of sediment core samples for 
grain size analyses could be done by divers. These surveys should be con­
ducted in the spring at 1- and 6-year intervals following reef construction. 
Additional surveys may be necessary, should questions arise regarding 
sediment deposition and/or erosion. 
Verification of Benefits 
If a KR is constructed, DFG would recommend biological studies to 
monitor the effectiveness of such a reef as a habitat improvement tool. 
However, since routine long-term studies of early and intermediate reef 
community development have been conducted at PAR and reference sites, and 
since successional patterns can be generally predicted, routine monitoring of 
newly developing communities on a KR constructed in the San Onofre area need 
not be undertaken. Periodic surveys (quantitative and qualitative) should, 
however, be conducted at a KR and at a local reference site(s) such as the 
San Mateo Point kelp forest for purposes of comparison. Surveys will verify 
that the KR is performing as designedV and) if not, the data will help to 
determine inadequacies and the correcilve measures necessary to improve reef 
performance. An outline of a sampling program for giant kelp and other 
species groups follows (Table 5). The lO-year surveys may not be required if 
it were determined, during the 3- and 6-year surveys, that biological 
communities on the KR were similar to those occurring on the reference 
reef(s). 
Giant Kelp--Forests of giant kelp should be surveyed quarterly using 
aerial photographs and/or sonar techniques. Surveys should be conducted at 
the KR and at the reference site commencing in spring of the second year 
following reef construction and should continue until the giant kelp canopy 
covers 80% of the rock surface of the KR. If giant kelp is not established 
on the KR by the third year following reef construction and the kelp forest 
at the reference site appears to be growing in a normal manner, diving 
surveys should be conducted in appropriate locations on the KR to 
determine how to improve kelp growth. If extraordinary natural phenomena 
(such as an El Nino event) have hindered the development of a kelp bed on the 
KR during the evaluation period, final evaluation of the performance of the 
KR should be postponed until environmental conditions are more favorable for 
kelp growth. 
Fishes--Diving surveys of fishes should be conducted at 3-, 6-, and 
lO-year intervals following reef construction. Surveys should be conducted 
in the spring and fall seasons. 
Macroinvertebrate and Turf Communities--Diving surveys of macroinverte­
brate and turf communities should be conducted during spring and fall at 6­
and lO-year intervals following reef construction. 
TABLE 5.	 Proposed Survey Program to Confirm Kelp Reef (KR) Structure, to Document Effects on Surrounding 
Substrate, and to Document Development of Biotic Communities. 
Information Needed Purpose Location Survey Intervals Methods 
BOTTOM AND SUBSTRATUM 
Potential Reef Sites	 Topographic maps showing To obtain information Potential KR sites. To Spr i ng precedi ng KR 1. Side-scan sonar.
 
distribution of sand and for determining the within 0.25 n mi construction. depth sounder, sub­

reef substrate prior to effects of the KR on distance of KR sides bottom profiler, and
 
construction of KR. natural reefs and sand and ends. radio location equip­

Sand Substrate: Area, substrate in the site. ment.
 
sediment depth, sediment 2. Diver surveys - per­

grains;ze, and sediment manent and random
 
derivation. transects, diver sedi­

Reef Substrate: Area, ment core samples.
 
configuration, relief,
 
and derivation.
 
Reef Construction	 Topographic map of KR 1. To obtain informa- IKR As reef segments are 1. Same as above. 
and Configuration	 and surrounding area tion that the KR meets completed 2. Oiver surveys to 
depicting as-built KR design specifications. verify potential prob­ W 
location, configuration 2. To obtain infor- lems and corrective -..J 
and relief. mation for determining actions. 
long-range stability of 
the KR. 
Post-eonstruction Topographic map depic­ To determine the effect KR and surrounding area Spring surveys at years 1. Same as above.
 
Effect on Local ting distribution and of the KR on natural within 0.25 n mi. 1 and 6 following reef 2. Same as Potential
 
Sand depth of sand at and reef and/or sand sub­ construction. More Reef Sites.
 
near the KR. strate.	 surveys may be required 
if sediment distribution 
problems occur. 
GIANT KELP	 Maps of Potential sites To evaluate success and 1. KR 1. Quarterly aerial 1. Aerial photographs 
depicting distribution to develop strategy 2. San Mateo Po; nt surveys commencing in of surface canopy. 
and density of giant for undertaking correc­ Ke 1p Forest (SMK). spring of 2nd year 2. Side-scan survey of 
kelp canopy pre- and tive measures, if following reef construc­ sub-surface ke 1p 
post-construction. necessary. tion. Continuing until (optional) • 
80% canopy cover is 3. Oiver survey tran­
observed. sects and videos. 
2. Quarterly at years 
2, 6, and 10 to coincide 
with other biotic 
surve s. 
I 
TA fLE 5. cant i nued 
Information Needed Purpose Locat ion Sur vey Inter va 1s Methods 
FISHES Density and biomass 
standing crop estimates 
of the 10 numerically 
dominant resident and 
semi-resident species. 
To evaluate success/ 
benefits. 
1. 
2. 
KR 
SMK 
1. Pre- and post­
construction. 
2. Spring and fall 
years 3, 6, and 10. 
at 
Diver surveys using 
band transects. 
Relative abundance esti­
mates of all species. 
MACROINVERTEBRATES Density and standing 
crop estimates of the 
10 numerically dominant 
species. Relative 
To evaluate success/ 
benefits. 
1. 
2. 
KR 
SMK 
Spring and fall 
6 and 10. 
at years Diver surveys using 
band transects. 
abundance estimates of 
all species. V.) 
00 
MACROALGAE Density and standing 
crop estimates of all 
To evaluate success/ 
benefits. 
1. 
2. 
KR 
SMK 
Spring and fall 
years 6 and 10. 
at Diver surveys using 
band transects. t 
spec i es. 
TURF COMMUNITY Percent cover estimates 
of prominent species 
and/or functional 
To evaluate success/ 
benefits of the KR. 
1. 
2. 
KR 
SMK 
Spring and fall 
years 6 and 10. 
at Diver surveys using 
Random Point Contact 
method. 
groups. 
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Reports of Surveys 
Survey results, analysis, and discussion should be provided to DFG by 
July 1 and January 1 following the preceding survey periods. 
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LIST OF COMMON AND SCIENTIFIC NAMEsl/ 
INVERTEBRATES 
PORIFERA
 
sponges ~everal species
 
CNIDARIA 
hydroids Obelia sp. 
gorgonians (sea fans) Muricea californica, M. fruticosa, 
and Lophogorgia chilensis 
strawberry anemone Corynactis californica 
ECTOPROCTA 51 
erect ectoprocts ~everal species 
mud ectoproct fCryptoarachnidium argilla 
ARTHROPODA
 
barnacle Megabalanus sp.
 
crab, rock Cancer sp.
 
crab, sheep Loxorhynchus grandis
 
spiny lobster Panulirus interruptus
 
MOLLUSCA
 
limpet, keyhole Megathura crenulata
 
ornate jewel box Chama pellucida
 
rock scallop Hinnites giganteus .
 
mollusk, scaled worm Serpulorbis squamigerus
 
sea hare Aplysia spp.
 
snail, wavy turban Astraea undosa
 
whelk, festive Pterapurpura festiva
 
whelk, Kellet's Kelletia kelletii
 
whelk, Poulson's Ocenebra poulsoni
 
ECHINODERMATA 
sea cucumber Parastichopus parvimensis 
purple sea urchin Strongylocentrotus purpuratus 
red sea urchin Strongylocentrotus franciscanus 
sea stars Pisaster spp. 
CHORDATA
 
stalked tunicates Styela montereyensis
 
l! Used in the report 
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FISHES 
bass, barred sand 
bass, kelp 
blacksmith 
garibaldi 
halfmoon 
opaleye 
rock wrasse 
sculpin 
senorita 
surfperch, black 
surfperch, other 
ALGAE 
algal turf 
articulated corallines 
foliose red algae 
giant kelp 
pea kelp 
no common name 
no common name 
no common name 
Paralabrax nebulifer
 
Paralabrax clathratus
 
Chromis punctipinnus
 
Hypsypops rubicundus
 
Medialuna californiensis
 
Girella nigricans
 
Halichoeres semicinctus
 
Scorpaenichthys marmoratus
 
Oxyjulis californica
 
Embiotoca jacksoni
 
several species
 
y 
./-/)Low-growing filamentous and
 
juvenile algae
 
Primarily - Corallina
 
vancouverensis
 
Primarily - Gigartina sp., 
Rhodymenia spp., Gelidium/ 
Pterocladia spp., and others 
Macrocystis pyrifera 
Cystoseira osmundacea 
Laminaria 
Pterygophora sp. 
Sargassum sp. 
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APPENDICES
 
TURF COMMUNITY - PAR
 
APPENDIX lA. Mean percent covers of selected turf community species at Pendleton 
Artificial Re'?f (fall 1981 to fall 1986). Means and standard errors 
(SEl weighted over all modules and profiles for each survey. 
Species F 81 U 82 SP 82 Su 82 F 82 SP 83 
S~IlP  Iin9 Per i od 
Su 83 F 83 U 84 Sp M F 84 Sp 85 F 85 Sp 81> F 81> 
1. SPONGES 
Ile~n 
SE 
0 
0 
0.21 
0.11> 
0 
0 
0 
0 
0 
0 
0.12 
0.12 
0 
0 
0.08 
0.08 
0.19 
0.14 
0.98 
0.21> 
0.11 
0.09 
1.73 
0.48 
3.10 
0.97 
LSI 
D.45 
5.a 
1.11 
2. HYDRO IDS 
Ileen 
SE 
41.63 
4.05 
32.1>4 
5.10 
33.80 
4.04 
22,38 
2.99 
25.1>9 
3.94 
9.71 
2.82 
1.11> 
0.47 
51. 07 
3.75 
4.1>9 
1.18 
6.85 
1.32 
7.43 
1.37 
3.80 
1.31 
8.24 
US 
8.06 
2.1>5 
17.56 
2.73 
3. REO GORGONIAN 
Me en 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4. GORGONIANS 
lIeen 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.12 
0.12 
0.99 
D.35 
1. 91> 
0.80 
1.18 
0.51 
2.15 
0.48 
2.49 
0.75 
9.73 
2.15 
16.27 
2.98 
23.1>2 
3.69 
24.03 
2.68 
I 
~ 
~ 
5. CUP CORALS 
Meen 
SE· 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
o. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
1>. STRAUBERRY ANEMONE 
Meen 
SE 
0 
0 
0.03 
0.03 
a 
0 
0 
0 
0 
0 
0 
0 
0.07 
0.07 
0 
0 
0.12 
0.09 
0.09 
0.07 
0.05 
0.05 
0.08 
0.06 
0.53 • 
0.30 
0.39 
0.17 
0.19 
0.11 
7. TUBE ANEMONE 
lie en 
SE 
0.20 
0.17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8. OTHER ANEMONES 
Me~n 
SE 
0 
0 
0 
0 
0 
0 
0.06 
0.01> 
0.12 
0.12 
0 
0 
0.12 
0.12 
0.06 
0.01> 
0.07 
0.07 
0 
0 
0 
0 
0.12 
0.13 
0 
0 
0.08 
0.08 
0 
0 
9. PARCHMENT 
Me en 
SE 
TUBE UORM 
0.17 
0.17 
0.30 
0.19 
0 
a 
0.08 
0.08 
0.78 
0.31 
0 
0 
0.32 
0.19 
0.42 
0.22 
0.39 
0.19 
0.32 
0.18 
0.82 
0.24 
1. 01> 
0.55 
2.83 
1.15 
2.21 
0.85 
0.31 
0.18 
10. OTHER POLYCHAETES 
Ileen 
SE 
0 
0 
0.12 
0.12 
a 
a 
0 
0 
0 
0 
0.21 
0.10 
0.15 
0.11 
0.21 
0.14 
0.15 
0.13 
2.10 
0.53 
0.56 
0.19 
La 
0.32 
2.90 
0.71 
1.34 
0.78 
l.98 
0.56 
APPENDIX lA cont. TURF COMMUNITY - PAR (cont) 
Species 
11. LIMPETS 
"ean 
SE 
F 81 
0 
0 
~ 82 
0.03 
0.03 
SP 82 
0.70 
0.63 
Su 82 
3.18 
1.19 
F 82 
-
12.81 
2.46 
So 83 
1. 08 
0.32 
SamplOng Period 
Su 83 F 83 
1.64 1. 28 
0.50 0.45 
Y 8' 
1. 87 
0.64 
So 8( 
4.72 
0.87 
F 84 
5.22 
1. '4 
So 85 
3.86 
0.64 
F 85 
3.61 
0.65 
So 86 
1.23 
0.47 
F 86 
I." 
0.37 
12. SCALLOPS 
Mean 
Sf 
0.06 
0.06 
0.18 
0.14 
0 
0 
0 
0 
0.32 
0.25 
0.16 
0.09 
0.23 
0.16 
0.26 
0.25 
0.15 
0.13 
0.20 
0.15 
0.12 
0.12 
0.22 
0.15 
0.07 
0.07 
0 
0 
0.12 
0.12 
13. ABALONE JINGLE 
"ean 
SE 
0.12 
0.12 
0.13 
0.13 
0.27 
0.20 
0.23 
0.18 
0.&0 
0.38 
0.02 
0.02 
0.22 
0.15 
0.49 
0.29 
0." 
0.29 
0.19 
0.14 
0.14 
0.13 
0.35 
0.19 
0 
0 
0.28 
0.15 
0.51 
0.29 
i4. SCALED WORM MOLLUSK 
r1ean 0.07 
SE 0.07 
15. MUSSELS 
Mean 0.08 
Sf 0.08 
0.03 
0.03 
0.06 
0.06 
0 
0 
0 
0 
0.18 
0.14 
0 
0 
0.26 
0.25 
8.01 
1. 3& 
0.50 
0.31 
13.30 
1. 50 
0.59 
0.36 
0.09 
0.07 
0.57 
0.21 
0 
0 
0.29 
0.12 
0.12 
0.12 
2.42 
0.65 
0.21 
0.13 
4.54 
0.79 
0.02 
0.02 
6.68 
0.90 
0.09 
0.07 
8.89 
2.04 
1. 04 
0.26 
12.58 
1. 94 
0.68 
0.23 
9.91 
1. 79 
0.91 
0.36 
I 
+:-.. 
V1 
16. ORNATE JE~El 
Mean 
Sf 
BOX 
0.32 
0.16 
0.12 
0.12 
0 
0 
0 
0 
0.58 
0.29 
0.27 
0.12 
1. 23 
0.37 
2.90 
0.59 
2.55 
0.65 
2.61 
0.50 
6.59 
0.93 
8.31 
1. 42 
13.83 
1. 76 
15.02 
1. 94 
18.01 
2.10 
11. BARNACLES 
"~en 
SE 
6.34 
0.77 
6.29 
1. 39 
8.18 
1.10 
10.36 
1.25 
8.01 
1. 3& 
4.05 
0.74 
4.52 
° 0.60 
7.23 
1.08 
1. 66 
0.'7 
2.58 
0.46 
3.18 
0.50 
8.06 
1. 68 
3.87 
0.61 
5.30 
0.90 
2.32 
0.48 
18. AMPHIPOO 
r1~en 
Sf 
TUBE MATS 
0 
0 
0 
0 
9.06 
2.02 
18.74 
3.85 
0.55 
0.21 
3.56 
2.21 
1.38 
1.36 
0.90 
0.33 
0.13 
0.09 
0.71 
0.24 
1.15 
0.56 
1. 91 
0.42 
1. 57 
0.81 
0.94 
0.41 
0.18 
0.06 
19. ERECT ECTOPROCTS 
"~an 
Sf 
1. 87 
0.83 
2.'3 
0.65 
10.35 
2.26 
6.51 
1. 30 
6.21 
1. 36 
15.94 
3.28 
16.62 
2.{6 
8.'2 
2.64 
16.15 
3.55 
28.40 
3.16 
20.22 
3.41 
53.66 
4.91 
51.29 
3.91 
62.~3 
'.03 
52.13 
4.34 
20. MUD ECTOPROCT 
Mean 
SE 
76.87 
4.32 
67.34 
4.88 
90.21 
3.47 
90.17 
2.29 
76.66 
4.55 
74.48 
4.79 
&,.15 
4.26 
27.18 
3.61 
29.11 
4.49 
11.15 
1. 73 
4.66 
1. 62 
6.84 
1. 33 
4.67 
1.16 
8.01 
1. 64 
6.49 
1. 61 
APPENDIX lA cont. TURF COMMUNITY - PAR (cont) 
Sp~ci~s f 81 W82 So 82 Su 82 F 82 Sp 83 
Sampling P~riod 
Su 83 f 83 ~ 84 Sp 84 F 8' Sp 85 F 85 SP 86 F 86 
21. OTHER ENCRUSTING 
Meen 
SE 
0.57 
0.23 
2.80 
D.77 
6.32 
2.80 
2.5' 
0.79 
3.62 
0.75 
3.23 
0.7' 
2.05 
0.54 
2.82 
0.84 
3.72 
0.70 
5.96 
1. 39 
4.26 
0.78 
3.67 
1. 37 
1. 85 
0.51 
2.57 
0.62 
3.37 
0.85 
22. TUNICATES 
"~!n 
Sf 
0.39 
0.29 
0 
0 
0.08 
0.08 
0.74 
0.32 
0.45 
0.29 
0.62 
0.32 
4.41 
0.73 
1. 71 
0.52 
3.19 
1. 04 
7.88 
1. 54 
2.63 
0.64 
9.77 
1. 29 
6.17 
1. 83 
11. 33 
1. 55 
9.23 
1. 41 
23. FOLIOSE BROUN ALGAE 
M~en 
SE 
0 
0 
D.06 
0.06 
0 
0 
0 
0 
0.08 
0.08 
0.88 
D.43 
1. 08 
0.31 
0.85 
0.27 
5.93 
0.91 
9.79 
1. 25 
5.41 
0.93 
1. 37 
0.38 
7.26 
1. 33 
2.54 
0.43 
2.14 
0.38 
24. /1ACROCYSTIS 
"ean 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
~  
Q\ 
25. CYSTOSEIRA 
Me!n 
Sf . 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
26. SARGASSUI1 
Meen 
Sf 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
27. FOLIOSE RED ALGAE 
"ean 
SE 
4.97 
1. 21 
5.43 
1. 01 
4.18 
0.88 
4.11 
0.78 
2.06 
0.66 
2.78 
0.69 
1. 69 
0.40 
1.32 
0.37 
1. 48 
0.56 
4.11 
0.73 
2.14 
0.47 
7.45 
1. 77 
6.52 
1. 09 
5.28 
0.89 
6.10 
1.15 
28. ARTICULATED 
CORALLINE ALGAE 
"een 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.02 
0.02 
0 
0 
0.06 
0.04 
0 
0 
0.08 
0.06 
0.18 
0.09 
0.06 
0.04 
29. ALGAL TURF 
Meen 
SE 
22.46 
2.20 
28.86 
4.16 
16.61 
2.04 
39.16 
3.78 
'4.30 
4.76 
46.'47 
5.00 
60.04 
2.62 
31. 95 
2.36 
60.17 
3.63 
31. 55 
2.79 
65.46 
3.27 
26.79 
3.20 
32.53 
4.21 
18.89 
3.24 
21.38 
2.18 
INTENTIONALLY LEFT BLANK 
TURF COMMUNITY - TPAR
 
APPENDIX lB.	 Mean percent covers of selected turf community species at Torrey Pines 
Artificial Reef (fall 1984 to fall 1986). Means and standard errors ( SE) weighted over all profiles for each survey. 
SaliPlingPeriod Sampling Period 
SpeciB F 86 SP 85 F e5 SP 86 F 86 Species F 86 SP 85 F 85 SP 86 F 86 
1.	 SFONGES 11. LIMPETS 
Mean 10.06 1.87 10.08 3.61 17.87 Mean La 1.23 0.72 0.10 0.26 
SE '- 96 1.16 3.12 1. 93 2.59 SE 0.55 0.86 0.37 0.11 0.15 
2.	 HYDROIDS 12. SCALLOPS 
Mean 11.60 7.70 13.74 1'.71 23.29 Mean 0 0 0 0 0 
SE 2.83 3.87 2.09 3.73 3.79 SE 0 0 0 0 0 
3.	 RED GORGONIAN 13. ABALONE JINGLE 
Mean 0 0 0 0 0 Mean 1.32 0.54 0 0.10 0 
SE 0 0 0 0 0 SE 0.95 0.43 0 0.11 0 
4.	 GORGONIANS 14. SCALED ~ORM MOLLUSK I 
Mean 27.57 17.68 22,46 25.90 30.74 Mean 11.98 13.60 12.38 9.09 9.25 ~ SE 8.96 9.97 5.56 4,26 3.94 SE 2.74 4. 54 2.25 2.09 1.39 ---.I 
5.	 CUP CORALS 15. MUSSSELS 
Mean 0.54 0.82 0.42 1.74 2.44 Mean 0 0 0.1' 0 0.06 
SE 0.43 0.80 0.20 0.62 0.66 SE 0 0 0.16 0 0.07 
6.	 STRA~BERRY ANEMONE 16. ORNATE JE~EL BOX 
Mean 5.62 10.62 6.30 7.32 2.74 Mean 1.34 1.23 0.75 0.30 0.37 
SE 2.09 3.31 1.54 1.56 0.90 SE 0.67 0.86 0.40 0.18 0.18 
7.	 TUBE ANEMONE 17. BARNACLES 
Mean 0 0 0 0 0 Mean 1.30 1.18 0.58 0.62 0.06 
SE 0 0 0 0 0 SE 0.61 0.89 0.49 0.43 0.07 
8.	 OTHER ANEMONES 18. AMPHIPOD TUBE MATS 
Mean 0 0 0 0 0 Mean 0.34 0.54 0.62 0.28 0.48 
SE 0 0 0 0 0 SE 0.19 0.31 0.35 0.22 0.34 
9.	 PARCHMENT TUBE ~ORM 19. ERECT ECTOPROCTS 
"ean 1.20 0.38 1.76 0.06 0.62 Mean 21.36 43.08 25.95 43.88 18.74 
SE 0.77 0.40 0.86 0.07 0.39 SE 2.90 6.12 4.70 4.78 2.32 
10.	 OTHER POLYCHAETES 20. "UD ECTOPROCT 
Mean 0.96 0.64 1. 08 0 0.75 Mean 1. 09 14.44 7.83 8.49 8.74 
SE 0.54 0.48 0.55 0 0.32 SE 0.69 6.43 1.67 3.63 2.33 
APPENDIX lB cant. TURF COMMUNITY - TPAR (cant) 
--
Species F 86 
Sampling Period 
Sf 85 F 85 SP 86 F 86 
21. OTHER ENCRUSTING 
ECTOPROCTS 
Mean 
SE 
1. 59 
0.72 
0.93 
0.50 
3.7& 
1. 43 
3.26 
0.96 
3.52 
0.78 
22. TUNICATES 
Mean 
SE 
0.70 
0.35 
12.62 
2.70 
5.71 
1.93 
11. 63 
2.36 
6.70 
2.48 
23. FOLIOSE BROWN ALGAE 
Mean 
SE 
0.34 
0.33 
0 
0 
0.32 
0.32 
0 
0 
0.14 
0.16 
24. I1ACROCYSTIS 
Mean 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
+:---
OJ 
25. CYSTOSEIRA 
rleen 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
26. SARGASSUI1 
rleen 
Sf 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
27. FOLIOSE RED ALGAE 
~e~n 
Sf 
21. 30 
4." 
21. 48 
5.31 
29.87 
3.99 
23.85 
2.66 
26.70 
2.56 
28. ARTICULATED 
CORALLINE ALGAE 
Mean 
Sf 
15.12 
3.09 
8.26 
1. 95 
13.12 
2.(2 
9.48 
1. 63 
13.75 
2.19 
29. ALGAL TURF 
Meen 
SE 
37.2' 
5.40 
17.80 
6.20 
21.36 
3.81 
32.02 
4.10 
39.08 
3.55 
TURF COMMUNITY - LPR
 
APPENDIX le. Mean percent covers of selected turf community species at Las Pulgas 
Reef (fall 1984 to fall 1986). Means and standard errors 
weighted over all sectors and profiles for each survey. 
(SE) 
Sp~ci~s F 84 SP 
SallPlinQ Period 
85 F 85 SP 86 F 86 Species F 84 
Sempling Period 
SP BS F 85 SF 86 F 86 
1- SPONGES 
Meen 
Sf 
1. 28 
0.77 
0.17 
0.17 
2.45 
0.70 
0.89 
0.33 
0.89 
0.48 
11. LIMPETS 
Mean 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0.06 
0.06 
2. HYDROIDS 
Mean 
SE 
5.72 
0.26 
5.85 
2.15 
11. 61 
1. 61 
11. 82 
1.32 
19.14 
3.36 
12. SCALLOPS 
Mean 
Sf 
0.14 
0.13 
0 
0 
0.01 
0.01 
0 
0 
0 
0 
3. RED GORGONIAN 
Meen 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13. ABALONE JINGLE 
Meen 
SE 
0 
0 
0 
0 
0 
0 
0.13 
0.07 
0 
0 
4. GORGONIANS 
"een 
SE 
13.01 
1.97 
11. 91 
4.23 
17.53 
3.32 
19.22 
3.75 
15.60 
2.99 
14. SCALED ~ORM "OLLUSK 
Mean 
SE 
3.12 
0.28 
0.80 
0.80 
1. 03 
0.37 
0.60 
0.29 
1.11 
0.46 
J 
+'­
\0 
5. CUP CORALS 
Meen 
SE 
0.68 
0.50 
0 
0 
0.47 
0.25 
0.29 
0.17 
0.93 
0.46 
15. MUSSELS 
Mean 
SE 
.. 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6. STRA~BERRY 
Meen 
Sf 
ANEMONE 
0 
0 
0.05 
0.05 
0.03 
0.03 
0.11 
0.11 
0.03 
0.03 
16. ORNATE JE~EL 
Mean 
SE 
BOX 
0.32 
0.29 
0 
0 
0 
0 
0.03 
0.03 
0.17 
0.17 
7. TUBE ANEMONE 
Me en 
SE 
0 
0 
. 0 
0 
0 
0 
0 
0 
{J. 
0 
17. BARNACLES 
Meen 
SE 
0 
0 
0 
0 
0.11 
0.11 
0.06 
0.06 
0 
0 
8. OTHER ANEMONES 
Mean 
SE 
0.01 
0.01 
0.63 
0.54 
0.03 
0.03 
0.53 
0.29 
0 
0 
18. AMPHIPOD TUBE "ATS 
Meen 
SE 
0.56 
0.40 
2.13 
1. 88 
0 
0 
0.22 
0.13 
0.11 
0.11 
9. PARCH"ENT TUBE UOR" 
Meen 
SE 
0 
0 
0 
0 
0.29 
0.29 
0.51 
0.37 
0.37 
0.22 
19. ERECT ECTOPROCTS 
"ten 
SE 
11. 23 
2.79 
35.'7 
5.10 
18.22 
2.23 
19.'8 
2.55 
28.19 
3.24 
10. OTHER POLYCH~ETES 
"~en 
SE 
0.8B 
0.47 
6.22 
3.39 
7.37 
1.50 
4.31 
1. 03 
12.00 
1. 59 
20. MUD ECTOPROCT 
Meen 
SE 
15.11 
3.39 
2.85 
1.38 
7.6& 
3.21 
2.76 
0.84 
1.80 
0.91 
---- --
---
APPENDIX lC cont. TURF COMMUNITY - LPR (cont) 
Sempling Period 
Species f 84 SP 85 f 85 Sf 86 F 86 
21.	 OTHER ENCRUSTING 
ECTOPROCTS 
Mean 3.74 5.00 3.32 5.57 6.69
 
SE 1. 52 1. 08 0.67 0.92 2.49
 
22.	 TUNICATES 
"een 10.75 33.06 23.02 14.34 23.18 
SE 1. 69 3.36 2.'7 2.05 3.72 
23.	 FOLIOSE BRO~N ALGAE 
Mean 1.22 0.27 0.02 2.82 0 
Sf 0.42 0.27 0.02 1. 28 0 
24. I1ACROCYSTIS 
Mean 0 0 0 1. 91 0 lJl 
SE 0 0 0 1. 31 0 0 
I 
25. CYSTOSEIRA 
"ean 0 0 1. 08 0.42 0.82 
Sf 0 0 0.63 0.34 0.72 
26. SAHGASSUI1 
Meen 0.20 0.'0 0.67 0 0 
SE 0.17 0.40 0.57 0 0 
27.	 fOLIOSE RED ALGAE 
Mean 5.97 27.91 19.37 17.56 21.50 
SE 1.46 5.05 4.46 3.40 4.35 
28.	 ARTICULATED 
CORALLINE	 ALGAE
 
Me!n 22.37 17.54 17.87 6.52 17.82
 
SE 4.66 4.39 2.40 1. 25 4.61
 
29.	 ALGAL TURF 
Meen 61.16 11. 40 25.78 39.80 25.97 
Sf 1.93 3.76 3.95 3.89 3.63 
-- -
TURF COMMUNITY - SSAR 
APPENDIX 1D.	 Mean percent covers of selected turf community species at Silver 
Strand Artificial Reef (fall 1986). Means and standard errors (SE) 
weighted over all profiles. 
SallPling Period Sampling Period SemplinQ Period 
Species F 86 Species F 86 Species F 86 
-_.-.........-...­
-
1.	 SPONGES 11. LIMPETS 21. OTHER ENCRUSTING 
Mean 1. 70 Mean 0.41 ECTOPROCTS 
SE 1. 22 SE 0.26 Me~n 1. 41 
Sf	 0.69 
2.	 HYDRO IDS 12. SCALLOPS 
Mean 24.78 Mean 0 22. TUNICATES 
SE 7.31 SE 0 Mean 0 
SE	 0 
3.	 RED GORGONIAN 1. 76 13. ABALONE JINGLE 
Mean 0.84 Mean 0.41 23. FOLIOSE BROUN ALGAE 
SE SE 0.41 Mean 0 
SE	 0 
4.	 GORGONIANS 14. SCALED WORM MOLLUSK 
Me8n 33.09 Mean 1. 70 24. I1ACROCYSTIS I 
SE 6.76 SE 0.54 Mean 0 U1 
1---1Sf	 0 
5.	 CUP CORALS 15. MUSSELS 
"ean 0 Mean 0 25. CYSTOS£IRA 
SE 0 SE 0 Mean 0 
SE	 0 
6.	 STRAUBERRY ANEMONE 16. ORNATE JEWEL BOX 
Mean 9.89 Mean 3.26 26. SARGASSUI1 
SE 4.13 SE 2.25 Meen 0 
SE	 0 
7.	 TUBE ANEMONE 17. BARNACLES 
"een 0 Meen . 0.22 27. fOLIOSE RED ALGAE 
SE 0 SE 0.21 Meen 13.09 
SE	 4.34 
8.	 OTHER ANEMONES 18. A~PHIPOD TUBE MATS 
Meen 0 Meen 0.22 28. ARTICULATED 
SE 0 SE 0.21 CORALLINE ALGAE 
Meen	 0 
9.	 PARCH"ENT TUBE WOR~ 19. ERECT ECTOPROCTS SE 0 
"een 0 Mean 5." 
SE 0 SE 1.60 29. ALGAL TURF 
Meen '7.77 
10.	 OTHER POLYCHAETES 20. MUD ECTOPROCT SE 10.9' 
Mean 0 "een 10.06 
SE 0 SE 4.87 
2 
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APPDIDIX 21\. Pendleton Artificial Reef (PAR) band transect surveys ­
fall 1984-fall 1986. Weighted seasonal mean densities (11m)
and standard errors (SE) of 18 macroinvertehrate species. 
Mean colony heights and densit1ratios of golden and brown gorgonians, and mean she 1 diameter of rock scallops.
Seasonal values represent weighted means of all JOOdules 
and relief profiles canbined. 
SPD:IES Fall' 84 
SAMPLrnG PERIOD 
Spr 85 Fall 85 Spr 86 Fall 86 
1. Calif. golden gorgooian 
Huricea califolTllca X SE 41.18 2.38 34.87 2.24 39.37 1.38 37.71 1.07 40.08 0.96 
Colaw heights (em) X 
SE 
6.08 
0.19 
6.62 
0.26 
8.78 
0.23 
10.26 
0.22 
11.46 
0.17 
2. Brown go~an 
Huricea rutiC'U5a 
X 
SE 
5.68 
0.37 
5.43 
0.39 
6.79 
0.35 
7.03 
0.31 
7.61 
0.28 
Colooy heights (em) X 
SE 
4.94 
0.15 
5.63 
0.22 
6.29 
0.18 
7.62 
-0.17 
7.98 
0.14 
Ratio of golden
to brown gorgonians 7:1 6:1 6:1 5:1 6:1 
3. Red gorgonian
wphcyorgia chilensis 
X 
SE 
0.012 
0.008 
0.012 
0.009 
0.029 
0.009 
0.059 
0.015 
0.036 
0.008 
4. ~inu1lobster 
an irus interruptus 
X 
SE 
0.017 
0.007 
0.003 
0.002 
0.018 
0.005 
0.004 
0.002 
0.004 
0.002 
5. Q:topus 
a::topus spp. 
X 
SE 
0.005 
0.002 
0.004 
0.003 
0.002 
0.002 
0.004 
0.002 
0.007 
0.002 
6. Giant keyhole limpet 
l1ega thura crenulata 
X 
SE 
0 
0 
0.001 
0 
0.002 
0.002 
0.009 
0.007 
0.008 
0.003 
7. Wavy turban snail 
Astraea undosa 
X 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8. Kellet's whelk X 0 0.044 0 0.011 0.003 
Kelletia kelletii SE 0 0.035 0 0.005 0.002 
9. Sea hare X 0 0 0 0 0 
Aplsia spp. SE 0 0 0 0 0 
10. Rock scallop
Hinni tes glgan teus 
X 
SE 
0.658 
0.106 
0.198 
0.043 
0.334 
0.038 
0.233 
0.028 
0.211 
0.020 
Shell diameters (em) X 
SE 
7.560 
0.359 
8.680 
0.311 
8.280 
0.235 
9.330 
0.272 
8.450 
0.192 
11. Red urchin Stroogylo­
centrotus franciscanus X SE 0 0 0 0 0 0 0 0 
0.001 
0.001 
12. Purple urchin 
S. purpuratus 
X 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13. Fragile sea star 
Li.nckia columbiae 
X 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14. Short spined sea star 
Pisaster brevispinus 
X 
SE 
0.011 
0.006 
0.020 
0.007 
0.007 
0.003 
0.008 
0.005 
0.010 
0.003 
15. Giant spined sea star 
Pisaster giganteus 
X 
SE 
0.005 
0.004 
0.011 
0.004 
0.002 
0.001 
0.018 
0.004 
0.007 
0.003 
16. O:hre sea star 
Pisaster cx:hraceus 
X 
SE 
0 
0 
. 0 
0 
0.001 
0.001 
0.002 
0.001 
0.001 
0.001 
17. Warty sea CUCI.DTlber X 
Parastichc:1pJs parvimensis SE 
0 
0 
0 
0 
0 
0 
0.016 
0.005 
0 
0 
18. Stalked tunicate 
Styela JIIOOtereyensis 
X 
SE 
0 
0 
0.079 
0.018 
0.099 
0.016 
0.073 
0.011 
0.101 
0.014 
2 
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APPnIDIX 28. Torr, Pines Artificial Reef (TPAR) band transect surveys ­
fall 984 - fall 1986. Weighted seasonal mean densities (11m)
and standard errors (SE) of 18 macroinvertebrate s~ies. 
Mean colony heights and densit1ratios of golden and brown gorgonians, and mean she 1 diameter of rock scallops.
Seasonal values represent weighted means of all profiles
canbined. 
SAr1PLlNG PERIOD 
SPErIES Fall 84 Spr ~5 Fall 85 Spr 86 Fall 86 
1. calif. golden~gonian 
l1uricea cali ornica 
X 
SE 
16.34 
0.69 
14.19 
1.03 
15.40 
0.84 
13.12 
0.64 
12.36 
0.59 
Colooy heights (an) X 
SE 
15.03 
0.65 
15.70 
0.68 
16.21 
0.63 
17.07 
0.58 
18.26 
0.65 
2. Brown go~onian 
Huricea ruticosa 
X 
SE 
1.02 
0.26 
0.90 
0.24 
1.17 
0.15 
0.97 
0.14 
0.80 
0.10 
Colooy heights (on) X 
SE 
9.91 
0.60 
10.88 
0.50 
11.10 
0.44 
12.12 
0.44 
11.35 
0.47 
Ratio of golden to 
brown gorgonians 16:1 16:1 13:1 14:1 15:1 
3. Red gorgonian 
l.I::>j::h:YJorgia chi1ensis X SE 0.029 0.011 0.024 0.009 0.028 0.013 0.014 0.007 0.005 0.004 
4. SpinJ lobster 
Pan irus ilJterruptus 
X 
SE 
0.002 
0.001 
0.010 
0.005 
0.078 
0.045 
0.080 
0.020 
0 
0 
5. OCtopus 
cctopus sp;. 
X 
SE 
0.005 
0.002 
0.002 
0.001 
0 
0 
0 
0 
0 
0 
6. Giant keyhole limpet 
Hegathura crenulata 
X 
SE 
0.284 
0.040 
0.289 
0.019 
0.335 . 
0.046 . 
0.428 
0.074 
0.480 
0.059 
7. Wavy turban snail 
Astraea l.llrlosa 
X 
SE 
0 
0 
0 
0 
0.004 
0.004 
0 
0 
0 
0 
8. Kelletts whelk X 0 0.005 0.008 0.029 0.005 
Kelletia kelletii SE 0 0.004 0.006 0.014 0.004 
9. Sea hare X 0 0 0 0 0 
Aplj'Sia sp. SE 0 0 0 0 0 
10. R~k ,scallops 
Jii.nnj tes glgaJ1 teus 
X 
SE 
0.053 
0.007 
0.019 
0.006 
0.014 
0.007 
0.028 
0.012 
0.004 
0.004 
Shell diameters (an) X 
SE 
9.230 
0.910 
9.800 
0.442 
11.70 
1.20 
9.780 
0.650 
12.000 
0 
11. Red urchin Strong}'lo­
centrotus franciscanus X SE 0.784 0.117 0.794 0.109 1.10 0.115 0.886 0.010 0.648 0.091 
12. Purple urchin 
S. purpuratus 
X 
SE 
0.042 
0.007 
0.040 
0.010 
0.055 
0.018 
0.042 
0.017 
0.036 
0.010 
13. Fragile sea star 
Linckia columbiae 
X 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14. Short spined sea star 
Pisaster brevispinus 
X 
SE 
0.013 
0.008 
0.007 
0.004 
0.056 
0.023 
0 
0 
0.005 
0.004 
15. Giant spined sea star 
Pisaster giganteus 
X 
SE 
0.531 
0.048 
0.708 
0.043 
0.492 
0.055 
0.712 
0.075 
0.428 
0.035 
16. OChre sea star X 0.172 0.267 0.079 0.158 0.072 
Pisaster ochraceus SE 0.035 0.030 0.020 0.036 0.017 
17. Warty sea cu~r , 
ParastlChoPJS pat:v:LmenslS 
X 
SE 
0.016 
0.005 
0.332 
0.064 
0.029 
0.009 
0.712 
0.086 
0.019 
0.009 
18. Stalked tunicate X 0 0 0 0 0 
Styela llaltereyensis SE 0 0 0 0 0 
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APPtlIDIX 2C.	 las Pulqas Reef (LPR) band transect surv~s - fall 2 
1984-fall 1986. wei~hted seasooal mean densities ('1m)
and standard errors SE) of 18 macroinvertebrate ~es. 
Meqn colooy heights and density ratios of ~olden and brown 
gorgooians, and mean shell diameter of roc scallops. 
Seasooal values represent weighted lOOans of all sectors 
and relief profiles canbined. 
SA.'iPLING PERIOD 
SPD:IES Fall"S4 Spr 85 Fall 85 Spr 86 Fall 86 
1. Cal if. golden gorgcrri.an 
l'fJricea californica 
X 
SE 
5.72 
0.56 
8.92 
0.95 
8.03 
0.48 
8.09 
0.. 55 
6.11 
0.34 
Colooy heights (en) X 
SE 
21.88 
1.20 
17.58 
0.69 
19.37 
-0.59 19.38 0.51 
21.17 
0.49 
2. BrcMI1 go~an
Huricea ruticosa 
X 
SE 
2.12 
0.28 
1.83 
0.23 
2.58 
0.17 
2.66 
0.23 
2.15 
0.15 
Colony heights (an) X 
SE 
14.31 
0.80 
13.43 
0.68 
14.97 
0.41 
14.01 
0.40 
19.08 
0.36 
Ratio of golden 
to brown gorgcrri.ans 3:1 5:1 3:1 3:1 3:1 
3. Red gorgonian
1.Dphcyorgia chilensis 
X 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4. Sp~ lobster 
Pan irus interruptus 
X 
SE 
0.011 
0 
0.008 
0 
0.020 
0.015 
0.009 
0.005 
0.008 
0.004 
-
s. extopus 
a:topus spp. 
X 
SE 
0 
0 
0.005 
0 
0.017 
0.. 007 
0.003 
0.003 
0.023 
0.009 
6. Giant keyhole limpet 
Hega thura crenulata 
X 
SE 
0.235 
0.001 
0.181 
0 
0.162 
0.019 
0.193 
0.031 
0.249 
0.024 
7. llavy turban snail 
Astraea tlIXlosa 
X 
SE 
0.014 
0 
0.003 
0 
0.014 
0.006 
0.045 
0 .. 014 
0.048 
0.012 
8. Kellet's whelk .X 0.054 0.181 0.044 0.265 0.097 
Kelletia kelletii SE 0 0 0.011 0.037 0.026 
9. Sea hare X 0.005 0.022 0.012 0.008 0 
Apl}~ia spp. SE 0 0 0.006 0.004 0 
10. Rock scallop
Hinni tes gJ.ganteus 
X 
SE 
0.113 
0 
0.038 
0 
0.038 
0.013 
0.055 
0.013 
0.046 
0.016 
Shell diameters (an) X 
SE 
9.395 
0.535 
9.584 
0.118 
7.399 
1.135 
6.611 
0.431 
9.230 
0.521 
11. Red urchin Strcngylo­
centrotus franciscanus X SE 1.593 0 0.807 0 0.889 0.089 0.884 0.094 1.021 0.096 
12. Purple urchin 
s. purpuratus 
X 
SE 
0.092 
0 
0.041 
0 
0.035 
0.010 
0.038 
0.011 
0.106 
0.024 
13. Fracrile sea star X 0.041 0.131 0.091 0.116 0.111 
LinCkia rolumbiae SE 0 0 0.020 0.026 0.015 
14~ Short spined sea star 
Pisaster bre~rispinus 
X 
SE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15. Giant spined sea star 
Pisaster giganteus 
X 
SE 
0.071 
0 
0.006 
0 
0.024 
0.009 
0.031 
0.009 
0.025 
0.. 008 
16. Ochre sea star X 0 0 0 0 0 
Pisaster ochraceus SE 0 • 0 0 0 0 
17. Warty sea cucumber 
Parast1 Chopus pa.:rvi.mensis 
X 
SE 
0.040 
0 
0.090 
0 
0.084 
0.016 
0.318 
0.043 
0.036 
0.012 
18. Stalked tunicate X 0 0.024 0.012 0.036 0.020 
Styela lIaltereyp.nsis SE 0 0 0.005 0.011 0.007 
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APPDIDIX 2D.	 Silver Strand Artificial Reef (SSAR) band transect 
SlJr\'eys - fal1 1986. ~eighted seasonal mean 
2densities (#/m ) and standard errors (SE) of 
six macroinvertebrate species. Mean colony heights 
and der~ity ratios of golden and browTl gorgcr~ar~. 
Seasonal values represent weighted mearLS of all 
profiles .. 
SPECIES	 FALL 86 
1.	 califorrria golde~ gorgopian X 19.05 
Muricea californica SE 2.14 
Colony heights (ern) X 13.16 
SE 0.44 
2.	 Br~TI gorgonian X 0.30 
l1uricea lruticosa SE 0.06 
Colony heights (an) X 9.01 
SE 0.64 
Ratio of golden to 
brown gorgonians 64:1 
3.	 Red gorgoman X 3.16 
/.£Jphcgorgia chilensis SE 0.44 
4.	 Short spined sea star X 0.015 
Pisaster breT/lspinus SE 0.010 
5.	 Gi~'1t spined sea star X 0.433 
Pisaster giganteus SE 0.039 
6.	 ():her sea star X 0.045 
Pisaster ochraceus SE 0.021 
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~FPENDIX J.	 Msan densities of macroalgae at Fendleton Artificial 
Reef (PAR) and reference sites - fall 1984 to fall 1986. 
PAR (1) 
F 84 . S 85 F 85 S 86(2) F 86 x 
Macrocystis 0.0519 0.0409 0.0293 0.4125 0.0005 0.1070 
Cystoseira 0.0019 0.0074 0.. 0426 0.0168 0.0421 0.0222 
Pttrygophora 0.0012 0.0062 0.0288 0.0060 0.0106 0.0106 
Sargassur., 0.0091 0.0238 0.0171 0.0100 0.0019 0.0124 
Lar.-.ir,aria 0.0012 0.0007 0.0108 0.0000 0.0091 0.0044· 
E;rregia 0.0002 0.0005 0.0012 0.0000 0.0007 0.0005 
Eisenia 0.0000 0.0007 0.0017 0.0000 0.0005 0.0006 
Seasonal Total 0.0655 0.0802 0.1315 0.4453 0.0654 0.1577 
==================================================================== 
TFAR (1, 3) 
F 84(2} S 85{2} F 85 S 86 F 86 x 
. Hacrocystis 0.0000 0.0000 0.0034 0.0000 0.0247 0.0056 
Cystoseira 0.0096 0.0240 0.0027 0.0089 0.0069 0.0104 
Ptcrygophora 0.0000 0.0052 0.0000 0.0000 0.0000 0.0010 
SargassuIr. 0.0048 0.0000 0.0007 0.0027 0.0000 0.0016 
Laminaria 0.0000 0.1080 0.0000 0.0000 0.0000 0.0216 
Egregia 0.0000 0.0032 0.0000 0.0206 0.0069 0.0061 
Eisenia 0.0000 0.0032 0.0027 0.0041 0.0021 0.0024 
Seasonal Total 0.0144 0.1436 0.0095 0.0363 0.0406 0.0487 
==================================================================== 
LPR (2) 
F 84 S 85 F 85 S 86 F 86 x 
:'ldcrocys t is 0.0400 0.0066 0.0024 0.7543 0.0885 0.1784 
Cystose:'ra 0.0000 0.3024 0.8940 0.3849 2.1711 0.7505 
Pterygophora 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sargassu:n O. N.OO 0.4510 0.8178 0.0997 0.1385 0.3134 
Lar..inar ia 0.0000 0.0000 0.0086 0.0000 0.0594 0.0136 
Egrsgia 0.0000 0.0000 0.0090 0.0284 0.OC90 0.0093 
Eisenia 0.0000 0.0000 0.0060 0.0000 0.0000 0.0012 
Seasonal Total 0.1000 0.7600 1.7578 1.2673 2.4665 1. 2664 
(1) D~nsity estimates based upon total counts of plants, all sublo­
cations (modules or sectors) and/or relief profiles combined, except 
as otherwise noted. 
(2) Density estimates extrapolated from band transect data. Values 
represent weighted means of all sublocations and relief profiles 
co:~.bined. 
(3) One nodule - no sublocations. 
APPENDIX 4. Contributions of fishes by weighted 
sit~s  - fall 1984-1986 surveys. 
mean densities per 100m3 at PAR and reference 
PAR TPAR lPR 
Annual Mean Annual Mean Annual Mean 
~Standard Error ~Standard Error ~Stendard  Error 
-------------------------------------------------------------------------------------------------------------------------
fISH YEAR: 1°84 
n=32 
1985 
n=62 
ill~ 
n=48 
GRAND 
n.;~ 
n=142 
1984 
n=24 
1985 
n=24 
1986 
n=24 
GRAND 
MEAN 
n= 72 
1984 
n=24 
lili 
n=48 
1986 
n=36 
GRAND 
MEAN 
n=108 
Blacksmith J 75.69 
!17.33 
154.34 
!12.00 
40.28 
!3.85 
98.07 160.33 
!27.26 
171.67 
!24.34 
43.95 
! 5. 19 
125.32 63.H 
~ 22.10 
20.87 
!2.23 
2.05 
!0.94 
24.07 
, II 
'. I, 
rJ 
/senorita 
..J Sheepheed .--\ 
1. 64 
!O.37 
2.62 
! O. 17 
10.10 
!2.82 
5.57 
!0.36 
0.40 
!O. 10 
5.06 
!0.33 
4. 91 
4.73 
0.65 
!0.12 
2.21 
!0.4i 
1.34 
!0.28 
2.98 
!aU 
1. 37 
!0.50/ 
2.58 
!O.33 
1.12 
2.59 
3.55 
!0.91 
1. 71 
!0.35 
0.70 
!0.32 
1. 29 
! O. 15 
1. 89 
.!0.77 
2.55 
!O. Z1 
1. 73 
1. 80 
'oJ 
'.
.'-'I 
. ') 
\ 
~/  
viC 
Rock wrasse 
Black surtperch 1-
1. 66 
!0.32 
6.28 
!0.49 
4.06 
!0.39 
3.91 
!0.31 
6.00 
!0.30 
1. 29 
!0.30 
4. 17 
3.56 
1. 89 
!0.25 
1.46 
!0.26 
2.06 
!0.39 
2.89 
!0.45 
3.16 
!0.56 
/1. 78 
!0.29 
2.37 
2.04 
5.76 
!0.92 
1.10 
!0.19 
5.87 
!0.35 
1. 29 
!O .14 
4. 66 
!0.35 
2.30 
!0.24 
5.U 
1.58 V V1 -...J 
Kelp bass ..,. 3.84 
!0.39 
1. 34 
!0.17 
0.33 
!0.07 
1. 56 3.20 
!0.47 
2.96 
!0.37 
1. 38 
!0.19 
2. 51 1. 76 
!0.31 
0.72 
!0.13 
0.48 
!0.11 
0.87 
Gllribllidi r ) 2.33 
!0.41 
1. 83 
!0.16 
0.56 
!0.08 
1. 51 4. 57 
!0.49 
4. 10 
!0.41 
3.20 
!0.38 
3.96 6.67 
!0.26 
5.42 
!0.27 
3.09 
!0.21 
4.92 
,/ Hill floon 1. 12 
!0.12 
0.72 
!0.08 
0.51 
!0.07 
0.74 0.70 
!0.13 
2.39 
!0.24 
2.99 
!O. 10 
2.02 1. 04 
!0.20 
0.62 
!0.10 
0.55 
!0.67 
0.69 
Oplileye 1.47 
!0.36 
O.U 
!0.10 
0.13 
!0.04 
0.57 0.21 
!0.04 
0.10 
!0.05 
0.20 
!O.OB 
0.17 0.99 
!0.22 
0.33 
!0.09 
0.24 
!0.09 
0.45 
.~£;.  Bllrred slInd bliSS 1. 73 
!0.42 
0.25 
!0.07 
0.03 
!0.03 
0.51 0.25 
! O. 11 
0.45 
!0.17 
0.10 
!0.06 
0.27 0.87 
!0.20 
0.79 
!0.14 
0.45 
!0.14 
0.69 
TOTAL IIEIGHTED 1) 98.38 182.56 54.77 175.47 190.94 60.71 86.93 37.90 18.26 
2) 10.12 7.34 lLJ.l 1. 83 3.16 1. 69 0.37 0.10 2.14 
3) 108.5D 189.90 54.90 177.30 194.10 62.40 87.30 38.00 20.40 
---------------------------------------------------------------------------------------------------------------------
1) 
2) 
3) 
Averlloe of 
Averlloe of 
Averlloe of 
Top Ten fish Species. 
Reillinino 14 fish Species. 
All 24 fish Species. 
